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ABSTRACT 
This thesis describes an investigation of the structure of 
the lichen 2,5-piperazinedione, picroroccellin, which was last 
studied by Forster and Saville in 1922. In the general introduction 
the properties, reactions and synthesis of 2,5-piperazinedio~es are 
reviewed (Chapter 1). 
Forster and Saville proposed the structure (I) for picro-
roccellin but our re-interpretation of their work has indicated· 
that structure (II) is also a possibility. 
Substitution on nitrogens may be reversed . Substitution on nitrogens may be reversed. 
(I) ( I I ) 
The syntheses of a number of simple derivatives of p1cro-
roccellin including methylxanthoroccellin (III), xanthoroccellin 
(IV) and (±)-cis-cyclo(MePhe-MePhe) (V), which were to be used in 
subsequent synthetic work are described in Chapter 3. 
The cyclo(MePhe-MePhe) synthesised from methylxanthoroccellin (III) 
by reduction with hydroiodic acid was shown to be (±)cis-cyclo -
(MePhe-MePhe) (V). 
lX 
(III) (IV) 
(V) 
The structure of methylanhydropicroroccellin was- investigated 
by synthesising the three alternative structures (VI), (VII), and 
(VIII) (Chapter 4). 
(VI) (VII) 
(VIII) 
Reduction of the ketone (IX) gave one diastereomeric alcohol 
(X) (Sc hemel) but ~ttempted methylation of this alcohol (X) using 
a number of methods gave only low yields of the required methyl 
ethers (VI) and (VII). 
X 
Pd/C/H 1 
(IX) (X) 
Scheme 1 
However, a Michael addition of methoxide ion to methylxantho-
roccellin (III) gave the desired ethers (VI) and (VII) in good 
yield (Scheme 2). 
(VI) 
MeO-/MeOH 
A 
+ 
Scheme 2 
(VII) 
Compound (VII f)w as synt hesised f rom the chl oro-eth er (XI) 
(Scheme 3). 
xi 
(XI) (VIII) 
Scheme 3 
A comparison of melting points and reactivities of (VI), (VII) 
and (VIII) substantiated the structure (II) for picroroccellin, 
where the oxygen functions are located at the a-carbons rather 
than the S-carbons as previously proposed. 
Subsequently dimethylpicroroccellin (XII) was synthesised 
(Chapter 4) and the trans-geometry established for this compound. 
(XII) 
Synthetic approaches to picrorocceilin itself have been 
described in Chapter 5. The potential precursors (XIII), (XIV) and 
one of the alternative structures for anhydropicroroccellin (ie (XV)) 
have been synthesised. 
A biomimetic approach to picroroccellin using molecular 
oxygen was also investigated. 
Xll 
(XIII) (XIV) 
(XV) 
Ac 
c. 
mCPBA 
DCC 
DDQ 
DMF 
EtAc 
FGI 
LOA 
Me 
n.m. r. 
NBS 
NCS 
ppm 
s 
t.l.c. 
Ts 
Xlll 
ABBREVIATIONS 
acetyl 
calculated 
m-chloroperbenzoic acid 
dicyclohexylcarbodiimide 
2,3-dichloro-2,5-dicyanobenzoquinone 
dimethylformamide 
ethyl acetate 
functional group interconversion 
lithium diisopropylamide 
methyl 
nuclear magnetic resonance 
N-bromosuccinimide 
N-chlorosuccinimide 
parts per million 
elemental sulfur 
thin layer chromatography 
tosyl 
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CHAPTER I 
GENERAL INTRODUCTION 
2,5-PIPERAZINEDIONES 
2 
I-1 NATURALLY OCC URRIN G 2,5-PIPERAZINEDIONES 
2,5-Piperazinediones (1), cyclic dipeptides, are the simplest 
members of the cyclopeptides and are amongst the most numerous and 
ubiquitous of peptide derivatives found in nature 1 • 
xx 
0 
(l) 
Naturally occurring 2,5-piperazinediones form a structurally 
diverse group, ranging from relatively simple 2,5-piperazinediones 
such as cycZo (Gly-L-Pro) (2) 2 ' 3 which has been extracted from the 
starfish Luidia clatharata to more complex molecules such as the 
tremogen fumitremorgin A (3) 4 - 6 
CPO N N . H/ ~ Meo 
0 
(2) 
and the antibiotic bicyclomycin (4) 7 ' 8 • 
r ~ 9 H o 
= 0 
<+) 
0 H 
(3) 
HO 
3 
Me 
"OH 
(4) 
2,5-Piperazinediones may be formed from peptides and proteins 
on hydrolysis or thermolysis. Indeed, it appears that the character-
istic bitter taste of a number of aged alcoholic beverages 9 , roasted 
cocoa beans 10 and other foodstuffs 11 are due,in part to 2,5-
piperazinediones formed by either one of these processes. However they 
are not always artefacts and their isolation, particularly from 
extracts and culture filtrates of micro-organisms using mild procedures 
attests to their genuine metabolic character. The complexity of many 
2,5-piperazinediones also leads to the conclusion that they are 
genuine metabolites rather than protein artefacts. 
I-2 NOMENCLATURE 
Cyclic dipeptides are structurally related to piperazine (5) and 
are listed under 2,5-piperazinedione (6) in Chemical Abstracts . 
In the past these compounds have commonly been referred to as 
diketopiperazines. Simple derivatives can be readily named by the 
I.U.P.A.C.-I.U.B. convention 12 where the name is formulated by placing 
the abbreviated names of the two amino acids in parentheses, preceded 
by the \vord cyclo. For more complex derivatives however, the 
4 
0 0 
r'/H 0"" ·T"" 
N~ .0 
""~" H/ 
H/ 
0 0 p 
(5) (6) (7) 
Chemical Abstracts naming is preferred and will be used 1n written 
names throughout this thesis. Even so,the formulae are typically 
abbreviated as cyclo(L-Pro-L-Phe), for example. Further,in substituted 
derivatives it is often convenient to refer to the a and 6-carbon 
atoms, terms originating from the cyclo dipeptide natu,e of these 
derivatives (7). 
I-3 LICHEN CYCLOPEPTIDES 
Picroroccellin, a bitter substance first extracted from the 
lichen Roccella fuciformis (L.)DC. by Stenhouse and Groves 13 in 1877, 
has not been found since that date despite a recent systematic 
search by Huneck 14 • 
Stenhouse and Groves were supplied with a quantity of the lichen 
material by 11 the eminent orchil manufacturer of Spitalfields, 
Mr C. Lavers 11 , who had noticed the very bitter taste of this lichen. 
The lichen had come to the British market through a Portuguese house 
and was thought to have originated from the West Coast of Africa, 
with indications of it having grown on limestone rocks. However,all 
attempts to establish the exact locality were unsuccessful. 
After the death of Mr Groves, a collection of chemicals 
belonging to him were presented by Mrs Groves to the Royal Institution. 
5 
This collection included a specimen of picroroccellin which was 
entrusted to M.D. Forster and W.B. Saville 15 for further investigation 
by Sir James Dewar. After working on these original samples,the 
latter authors 15 proposed the 2,5-piperazinedione structure (8) for this 
compound. 
Substitution on nitrogens may be reversed. 
(8) 
Roccanin (9), a second lichen cyclopeptide has recently been 
found in two species of Roccella, R. caneriensis Darb. 16 ' 17 and 
R. vicentina Vainio 18 • 
(9) 
The structure of roccan1n was deduced from degradative 
studies 16 ' 19 and ulti mately confirmed by synthesis 20 • Interestingly, 
a small (Mt+ 14) peak 19 has been observed in the mass spectrum of 
6 
roccan,n which has been attributed "to a co-occurr1ng JV-methyl 
derivative". As this metabolite was present in only trace amounts 
it has not been isolated. 
Recently,Elix et al. 21 have isolated four,novel,nitrogen -
containing esters from a chemical strain of the lichen 
Xanthoparmelia scahrosa (Tayl.) Hale. The proposed structures (10-13) 
for these esters were based on spectroscopic evidence, and in 
particular, 1H n.m.r. and 13 C n.m.r. spectral data. 
0 
R-C-0 
II 
R' 0 R 
(10) CH, CH, 
( 11 ) CH, n-C 1H 7 
( 12) n-C 1 H 7 n-C 1H 7 
( 13) CH 1 n-C,H11 
The multicyclic dial moiety, from which these natural esters 
are derived,has been termed scabrosin and contains a component 
2,5-piperazinedione ring. 
To date,the scabrosins are the only other 2,5-piperazinediones 
to have been isolated from lichens. It has been proposed that the 
scabrosins arise biosynthetically from tyrosine 21 or the closely 
related dopa 22 through oxidative coupling of the respective 
2,5-piperazinediones. 
I-4 PHYSICAL PROPERTIES OF 2,5-PIPERAZINEDIONES 
2,5-Piperazinediones differ from acyclic peptides 1n some 
aspects of their physical, chemical and spectral properties since as 
r 
' 
7 
cyclopeptides they lack terminal amino acid groups and are usually 
neutral molecules. Furthermore,the amide bonds in these cyclic 
structures are forced into a ci~-configuration as opposed to the more 
stable trans-configuration found in acyclic peptides. 
2,5-Piperazinediones are generally high melting solids, 
relatively insoluble in water and organic solvents. The high melting 
points and low solubilities can be attributed to the strong inter-
molecular hydrogen-bonding found in these compounds. Two different 
intermolecular hydrogen-bonding systems have been reported; one in 
which each 2,5-piperazinedione ring is hydrogen-bonded to two other 
molecules to form ribbons 23 ' 24 (Fi gure I-1) and one in which each 
2,5-piperazinedione ring is hydrogen-bonded to four others forming two 
dimensional sheets 25 ' 26 (Figure I-2). 
Figure I-1 
In each of these cases 11 polymeric 11 solids are formed with the maximum 
number of hydrogen bonds. This behaviour contrasts with acyclic 
peptides which have significantly less intermolecular hydrogen-
bonding than is theoretically possible. 
By contrast, 1 ,4-dimethyl-2,5-piperazinediones are usually 
oils or low melting point solids with high solubility in most organic 
solvents 27 . 
8 
Figure I-2 
The failure of unsubstituted 2,5-piperazinediones and their 
derivatives to react has often been attributed to their low 
solubilities 22 ' 28 ' 29 • 
I-5 STEREOCHEMISTRY OF 2,5-PIPERAZINEDIONES 
2,5-Piperazinediones with substituents 1n the 3- and 6-
positions have two asymmetric centers and therefore,two pairs of 
enantiomers are possible. Symmetrical or homogeneous 2,5-piperazine-
diones are those in which the constituent amino acid residues are of 
the same chemical structure, but may be of like or unlike absolute 
configuration. 
The most commonly encountered system is that obtained from the 
naturally occurring L-a-amino acids. These acids have the S absolute 
configuration and thus provide the 3S, 6S structure (14). Such an 
isomer is frequently referred to as a cis -isomer (as is its enantiomer 
(15) with the 3R, 6R configuration). 
' 
9 
( 14) ( 15) 
Both of the cis-isomers (141, (15} are optically active. 
Homogenous 2,5-piperazinediones containing amino acids of the opposite 
configuration, i.e. one Land one 0-a-amino acid, exist in a single 
optically inactive form ll6}, frequently refered to as the trans-
isomer (and with the 3R, 6S configuration). Such a mo4ecule has a 
centre of symmetry and is a mesa-isomer. 
( 16) 
Unsymmetrical or mixed diketopiperazines contain a-amino acids of 
unlike chemical composition. In such cases,all four possible 
diastereomers, two cis-isomers (17), (18) and two trans -isomers (19), 
(20) are optically active. 
10 
( 17) ( 18) 
( 19) (20) 
I-6 CONFORMATION OF 2,5-PIPERAZINEDIONE 
The restricted rotational freedom found 1n 2,5-piperazinediones 
as a result of their cyclic character, reduces the number of 
conformations found in these components relative to their linear 
counterparts. 
Although Dreiding models predict that the 2,5-piperazinedione 
ring can exist in either a planar or boat conformation 30 , these 
molecules have been shown to exist in planar2 3 ' 31 , boat 3 2 - 3 8 or 
chair 3 8 - 40 conformations (the latter involving a nonplanar peptide 
bond) . 
The degree of holding in the boat conformation is measured by 
S41 , where 180°-S is the dihedral angle between the planes of the t wo 
peptide units (Figure I - 3 ). 
1 1 
Figure I-3 
From crystallographic studies 42 , some generalizations can be made 
about the conformation of 2,5-piperazinediones. Broadly speaking 
2,5-piperazinediones prefer to adopt a boat confonnation. However, 
2,5-piperazinediones which contain a centre of symnetry and have small 
substituents in the 3,6 positions such as cycZo(Gly-Gly) and 
cycZo(D-Ala-L-Ala) have essentially planar structures. 
In 2,5-piperazinediones with large substituents in the 3,6 
positions (and which also possess a centre of symmetry), such as 
cycZo(L-MeVal-0-MeVal) and cycZo(L-MePhe-0-MePhe), the 2,5-piperazine-
dione ring assumes a chair conformation. 
Diketopiperazines having the boat conformation can be 
classified as follows: 
1) N-methylated mixed 2,5-piperazinediones with the cis-geometry 
have boat conformations which retain essentially planar ami.de bonds 
and have negative B values (i.e. have axial substituents) (cf. 
Figure I- 4 ). 
12 
~CO-NHJ 
NH---co 
S-positive B-negative 
Figure I - 4 
2) L-proline containing 2,5-piperazinediones have a boat conforma-
tion and with other L-amino acids have equatorial substituents with 
S values close to 40 ° . With 0-amino acids the L-proline-2,5-
piperazinediones have a boat conformation with axial side chains such 
as in cyclo (L-Pro-0-tert-Leu). 
3) 2,5-Piperazinediones derived from phenylalanine and tyrosine 
residues have a preferred conformation called the 11 flagpole 11 , in 
which the aromatic substituent stacks over the 2,5-piperazinedione 
r i n g ( Figure I - 5 ) . 
{NH-CO 
co--NH 
Figure I - 5 
Ev i dence for the existence of the boat confonnation in solution can 
be obtained by CD-~agnetic ellipticities 4 3 ' 44 , 13 C n.m. r . 4 5 - 5 8 and 
1H n. m.r. 49 - 56 spectroscopy . The degree of buckling can be estimated 
. 
I 
13 
by the magnitude of the chemical shift differences of the methylene 
protons in 2,5-piperazinediones derived from glycine 51 ' 5 5 and 3J 
(NH, Ha ) 51 for others having at least one free amide bond. 
Additional information on the rotameric states F, EN and E0 
(Figure I - 6 ) can be obtained in 2,5-piperazinediones containing 
aromatic substituents e.g. those derived from phenylalanine, tyrosine, 
tryptophan and histidine moieties. 
0 0 0 
~/H (4" c»: N :$H Ar H" ..... y H/y H/ 
0 H O H O Ar 
Folded Extended to N Extended to 0 -
( F) ( EN) (Eo) 
Figure I-6 
In the 1H n.m.r. spectra one observed effect of such aromatic 
substituents 1s the shielding of those protons close in space 1 ' 57 • 
These protons must therefore lie within the anisotropic shielding 
zone of the aromatic ring. Thus,in 3-aryl-2,5-piperazinediones,the 
rotamer F can be distinguished from E and E0 by the marked upfield 
shift (l.O to 1.5 ppm) of the cis -disposed C6 hydrogen 5 4 ' 58 ' 59 • 
However, cyclo (L-Pro-L-Phe) 57 ' 60 ' 61 (21) in deuterochloroform displays 
a preference for the E. rotomer which shows an NH resonance at 5.8 
1 
ppm instead of the normal 8 ppm . 
14 
( 21 ) 
Differences in the conformation of 2,5-piperazinediones in 
solution and in the solid state do exist in individual cases 4 2 ' 6 ~ , 
mainly as a result of packing forces 24 ' 62 ' 63 in the solid state. 
However, the generalizations made from crystallographic studies 
normally appear to be valid for these compounds ,n solution. 
I-7 REACTIONS OF 2,5-PIPERAZINEDIONES 
I-7.1 Ring Cleavage 
Simple 2,5-piperazinediones and linear peptides behave in a 
similar manner in many of their reactions. For example, hydrolysis 
with 6N HCl gives the corresponding free amino acids 64 ' 65 (22) 
(Scaeme I - 1) . 
6 N HCI 
A 
( 1 ) (22) 
Scheme I - 1 
15 
Base hydrolysis of 2,5-piperazinediones66 (1) also results 
,n the fonnation of the corresponding free amino acids. Indeed, 
base hydrolysis is more facile than acid hydrolysis, but this method 
is rarely used because of the extensive racemisation which accompanies 
the hydrolysis of optically active 2,5-piperazinediones. Levene, 
Steiger and Marker67 have shown that most of the racemisation occurs 
before ring cleavage of the 2,5-piperazinedione. 
Partial hydrolysis of 2,5-piperazinediones ,s also possible by 
either acids 68 ' 69 or bases 70 ' 71 . However, since mixed 2,5-piperazine-
diones invariably give mixtures of the two possible dipeptides 66 ' 72 
(which are often difficult to separate), and because base hydrolysis 
results in extensive racemisation 67 ' 75 , 2,5-piperazinediones are 
rarely used to synthesise dipeptides. 
I-7.2 Cis/Trans Isomerisation 
The cis/trans isomerisation of 2,5-piperazinediones under 
alkaline conditions has been known for some time67 ' 73 - 79• Many 
different bases including sodium hydroxide 79 , sodium methoxide 76 ' 79 
and triethylamine 77 have been used. The percentage of the cis-and 
trans -isomers at equilibrium depends upon the type of 2,5-
piperazinedione under study. However, some generalisations can be 
made; thus the predominant form of 2,5-piperazinediones containing 
one praline residue 75' 79 ' 80 at equilibrium is the trans -isomer, 
while cyclo(Pro-Pro) and its derivatives 79 exist almost exclusively 
as cis -isomers at equilibrium. 
In 2,5-piperazinediones such as cyclo(Ala -Ala) and cyclo(Leu-
Leu)15 which contain B-methylene groups, the cis -and trans-isomers 
are of almost equal thermodynamic stability and are found in approx-
imately equal ratios at equilibrium. However in 2,5-piperazinediones 
16 
with bulkier S-substituents 7 9 such as cyclo (Val-Val), the trans -
isomer is the predominant form at equilibrium. Another interesting 
feature of cis - and trans -2,5-piperazinediones is that the trans -
isomers generally have lower polarity (higher RF values} than the 
corresponding cis-isomers 76 ' 77 • 
I-7.3 Reactions at Nitrogen 
The methylation 2 7 ' 8 1 of 2,5-piperazinediones (1) using sodium 
hydride or silver oxide and methyl iodide has been shown to give 
the corresponding 1 ,4-di methyl-2,5-piperazinediones (23) (pcheme I- 2 ). 
Mel 
NaH / DMF 
( l ) (23) 
Scheme I-2 
Similarly, treatment of optically pure cyclo (L-Phe-L-Phe) (24) 
with refluxing acetic anhydride gave the optically pure diacetate 
(25) (Scheme I - 3 ), but treatment with acetic anhydride/sodium 
acetate was reputed to give the optically inactive trans -isomer (26 )82 
(Scheme I - 3 ). 
l 7 
A 
(24) ( 2 5) 
(26) 
Scheme I-.3 
I-7.4 Reactions at Oxygen 
2,5-Piperazinediones (l) not substituted at the nitrogen atoms 
have been shown to react with oxonium fluoroborate 83 - 85 to give the 
corresponding bis-imino ethers (27) (Scheme I - 4) . 
Mep • BF 1 -
( l ) ( 2 7) 
Scheme I - 4 
18 
Phosphoryl chloride effected the aromatisation of 
2,5-piperazinediones (1) to give a mixture of mono and dichloro-
pyrazines8 6 (28) and (29) respectively (Scheme I - 5 ). 
Cl 
POCI, ·Yc)N VlR 
( 1 ) (28) 
Scheme I-5 
+ 
Cl 
·'rAoN-NYlR 
Cl 
(29) 
Reduction of the optically active cycZo(L-MePhe-L-MePhe) (30) 
with lithium aluminium hydride 87 ' 88 gave the optically active 
piperazine (31) (Scheme I-6). 
LI Al He 
(30) ( 31) 
Scheme I - 6 
I-7.5 Suhstitution at C3J C5 
When exposed to the atmosphere 1n the presence of sunlight many 
simple 2,5-piperazinediones (32) undergo autoxidation to give the 
mono -(33) and bis-hydroperoxides (34) 89 ' 90 , with the retention of 
configuration at the a-carbon (Scheme I - ?) . 
19 
0 ~ ~ R'~N/R o, R" /R R' N/R N + .,,."0., hv .,,. 0., .,,."~., 
0 0 0 o, H 
(32) (33) (34) 
R,R 1 = alkyl 
Scheme I-7 
The direct conversion of cyclo(L-Pro-L-Pro) (35) into 3,6-bisacetoxy 
cyclo(L-Pro-L-Pro) (36) has been achieved by treatment with lead tetra-
acetate91 (Scheme I-8). 
Pb(0Ac)4 
(35) (36) 
Scheme I - 8 
However,treatment of cyclo(MeAla-MeAla) (37) 92 with the same 
reagent gave a mixture of the diacetate (38) and triacetate (39) 
(Scheme I - 9 ), while other 2,5-piperazinediones such as 
20 
Ac Ac 0 tr/Me 0 Ac O ~N/Mo Pb (OAc)4 
+ 
~N_,..M, 
Me/N0 Benzene Me/~ M,_,..•0 
0 0 
O Ac 0 
(37) (39) (38) 
Scheme I-9 
cjcfo (MePhe-MePhe) (40) and the mono n-methyl derivatives (41) and 
(42) fail to react unrler the same conditions. 
N 
Me/ 
(40) (41) (42) 
Cyclo(Gly -Gly) and other 2,5-piperazinediones are normally 
unreactive towards aldehydes andketones 93 but prior94 ' 95 or 
in situ96 ' 97 formatfon of the corresponding 1 ,4-diacetates, activates 
these compounds so that condensation is facilitated (Scheme I - 10) . 
The reaction of the latter derivatives with a further equivalent 
of aroma tic aldehydes gave the corresponding bisbenzylidene or 
21 
Base 
RCHO 
R = alkyl or aryl 
Scheme I-10 
alkylidenebenzylidene derivatives 97 ' 98 (Scheme I-11). 
Base 
ArCHO/DMF 
R = alkyl or aryl 
Scheme I-11 
Aliphatic aldehydes are less reactive and do not form 
bisalkylidene derivatives 97 . In these reactions, the N-acyl group 
adjacent to the incoming alkylidene or benzylidene group 1s 
eliminated during the condensation. The treatment of N-substituted 
2,5-piperazinedion~s (43) with bromine results in the formation of the 
3,6-dibromo derivatives (44) 99 (Scheme I - 12) and is usually 
22 
followed by the insitu eli mination of HBr and re-addition of 
./\ 
bromine 1 00 to fonn the corresponding tetrabromo derivatives. 
0 
·r/· ·~·/· Br 2 
./·0.- Benzene ./~.-
0 o Br 
( 43) (44) 
R,R' = alkyl 
Scheme I.12 
I-7.6 Dehydrogenati on* 
The dehydrogenation of dihydroneoechinulin A (45) 101 with 
2,3-dichloro-5,6-dicyanobenzoquinone (DDQ) in dioxane gave neoechinulin 
A (46) in good yield (Scheme I.13). Related indole 2,5-piperazine-
diones were also smoothly oxidised by this reagent. 
DDQ 
Oioxane 
(45) (46 ) 
Scheme I - 13 
* See also section I-10.4 
23 
Although cyclo( L-Pro-L-Pro) (.35) readily forms pyrocoll (47) on 
treatment with OOQ 1 02 , few other cyclodipeptides have been 
reported to be oxidised in this manner. 
0 
0 
(471 
Mono-imino ethers (48) however, are readily oxidised by this 
reagent to give mono and bisalkylidene derivatives, (49) and (50) 
respectively 103 (Scheme I-14). 
0 
•y.,.,-M, 
-0--., 
0 
Me 
(48) 
R = alkyl or aryl 
R 1 = a 1 kyl 
0 
DDQ ·y ,,-Me 
N + 0-R' 
0 
Me 
(49) 
Scheme I - 14 
0 R-rN_,.M, 
·0 ' -R 0 
Me 
( 50) 
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I-8 REACTIONS OF ALKYLIDENE & BENZYLIDENE 2,5-PIPERAZINEDIONES 
I-8. l Isomerisation 
3-Alkylidene and 3-benzylidene-2,5-piperazinediones (51) have 
been isomerised in the presence of base -to their corresponding 
dihydroxypyrazine (52) (Scheme I-15). 
0 
R-y"'N/H 
H/NyLR' 
0 
( 51 ) 
R = alkyl or aryl 
R 1 = a ryl 
Scheme I-15 
(52) 
0 
•yN/H 
N l , H/~-R 
0 
(53) 
Further acid or base catalysed isomerisation of the dihydroxy-
pyrazine (52) ultimately gives the more highly conjugated 
2,5-piperazinedione (53) 104 - 106 (Scheme I. 15) . Irradiation of 
3-alkylidene-2,5-piperazinediones (51) 104 ' 107 ' 108 yielded a mixture 
of Z (51) and E (54) isomers (Scheme I - 16) which could usually be 
separated by column chromatography. 
0 
R-~N/H 
"_,•yl_n 
0 
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hv 
(51) (54) 
R = alkyl or aryl 
Scheme I-16 
I-8. 2 Oxida tion 
The ozonolysis of 3-alkylidene and 3-benzylidene-2,5-piperazine-
diones yielded the expected 2,3,5-piperazinetrione (55) 106 
(Scheme I-1 ?) . 
0 0 
R-~N/H o, O~N/H 
"_,"yl_n "_,•yl_n 
0 0 
( 51) ( 55) 
R = alkyl or aryl 
Scheme I - 1? 
This transformation can also be effected by treating (51) with 
potassium permanganate in acetone 15 • The treatment of 3-benzylidene-
2,5-piperazinedion·es (56) with singlet oxygen also yielded the 
corresponding 2,3,5-piperazinetrione (58) 109 together with benzalde-
hyde, via an unstable oxetane intermediate (57) (Schee I - 18) . 
26 
o, 
(56) 
R = H or Me 
CHO 
© 
Scheme I-1 8 
+ 
/Me 
N 
H/N~R 
0 
(57) 
( 58) 
Machin and Sammes 109 have oxidised 3-benzylidene-2,5-piperazine-
diones (59) using lead tetraacetate. In benzene solution the 
reactive diacetate (60) was formed, while in methanol the correspond-
ing 3-methoxyacetate (61) was obtained (Scheme I - 19 ), together with 
some of the corresponding di methoxy derivative. 
(59) 
Pb(OAc) 4 
MeOH 
( 61 ) 
27 
Pb(O Ac) 4 
Benzene 
(60) 
Scheme I - 19 
Only a single diastereomer was produced in each of the above 
reactions. The erythro -configuration (62) has been assigned to these 
compounds on the basis of steric and 1 H n.m.r. arguments. 
OR 
co--NH 
(62) 
R = Ac, Me, or H · 
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In a similar manner t-butyl hypochlorite reacted with the 
3-benzylidene-2,5-piperazinediones (59) to form the unstable chloro-
acylimine (63) 109 which readily reacted with water or methanol to 
give the corresponding 3-hydroxy or 3-methoxy-2,5-piperazinediones 
( 64) (Scheme I-20). 
/ Me 
t-BuOCI I N 
N~ 
0 
(63) 
(59) 
R-OH 
R = H or Me 
(64) 
Scheme I - 20 
Again,only one diastereomer was formed. In a similar procedure 
Shin and coworkers 110 have treated the 3-alkylidene-2,5-piperazine-
dione (65) with N-bromosuccin i mide in methanol to give the single 
diastereomeric bromo-ether (66) (Scheme I - 21) . Ultimately the halogens 
present in such molecules can be removed to give 3-oxygenated-2,5-
piperazinediones . 
(65) 
R = t-But. 
I-8.3 Reduct i on 
29 
NBS/MeOH 
(66} 
Scheme I-21 
3,6-Bisbenzylidene-2,5-piperazinediones (67) can be reduced to 
the 3-benzylidene-6-benzyl-2,5-piperazinediones (68) using zinc and 
acetic acid 2 8 • Hydrogenation of these compounds (68) yields the 
corresponding 3,6-bisbenzyl-2,5-piperazinedione (69). Recently 2 2,we 
have found that 3,6-bisbenzylidene-2,5-piperazinediones (67) may be 
reduced catalytically to their saturated counterparts in one step, 
by choosing a suitable solvent (Scheme I - 22 ). Furthermore,we found 
that only the Z-isomer of (68) was produced by reduction with zinc 
and acetic acid and not a mixture of the Z-and E-isomers as has been 
clai med recently 28 . 
30 
Zn /AcOH 
(67) 
Dloxane / b. 
R = aryl 
Scheme I-22 
I-8.4 Conjugate Additi ons and Ring Cleavaqe 
0 
R-~N/H 
H/N~R 
0 
(68) 
0 
"YN/H 
H/N~R 
0 
(69) 
3-Alkylidene and 3-benzylidene-2,5-piperazinediones (70) undergo 
degradation upon treatment with aqueous sodium hydroxide 111 - 115 
(Scheme I-2 3) presumably via Michael addition and subsequent retro-
aldol reaction (see section I-13.2). This reaction has been used to 
identify the alkylidenes and/or benzylidene moieties present in such 
compounds. Similarly,6-arylidene-2,3,5-piperazinetriones (71) 115 ' 11 6 
have also been found to undergo an analogous Mich ael addition, followed 
31 
(70) 
R,R' = aryl or alkyl 
RCHO + R1CHO 
Scheme I-23 
by a retro-aldol reaction (_scheme I-24) in the presence of hydroxide 
ions. Similarly the 3,6-bisbenzylidene-2,5-piperazinedione (72) 
( 71 ) 
Sc heme I - 24 
\_ 
;-
reacts with excess Grignard reagent resulting in conjugate addition 
and formation of the corresponding 3-benzylidene-6-benzyl deri vative 
( 73) 1 1 7 (Scheme I - 25 ). 
32 
R Mg X 
(72) (73) 
Scheme I-25 
I-8.5 Halogenation 
3,6-Bisalkylidene and 3,6-bisbenzylidene-2,5-piperazinediones 
(74) react with halogens to give the corresponding dihalides 117 (75) 
(Scheme I - 26) , but it is often possible to isolate the intermediate 
(74) 
R = a ryl , R 1 = Hor Me 
Scheme I - 26 
tetrahalo derivatives 100 (76). 
(76) 
X = Cl or Br 
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I-9 SYNTHESIS OF 2,5-PIPERAZINEDIONES 
I-9.1 From Amino Acids 
Homogenous 2,5-piperazinediones may be prepared from the free 
amino acids, methyl esters or ethyl esters by heating in ethylene 
glycol 118 ' 119 • However,this "one-pot" synthesis is frequently 
accompanied by polymerisation and loss of optical activity 122 • 
Leuch's anhydrides (77) (l,3-oxazolidine-2,5-diones) also give 
homogenous 2,5-piperazinediones (1 ), in high yield, in the presence 
of aziridine (78) 120 (Scheme I-2?) but these methods are not 
applicable to mixed 2,5-piperazinediones 121 • 
):::>.oH + H-N<] 
(77) (78) 
0 
·~·/" 
H/N0R 
0 
( 1 ) 
R = a ry l or a 1 ky 1 
Scheme I - 2? 
?i <] R-Ct-C-N 
NH 2 
( 77) 
0 R 0 
II I u /1 
R-Ct-C-NH-CH-C-N "--.1 
NH 2 
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Rhodium(III)chloride has recently 1 23 been shown to provide a mild 
method for effecting the cyclisation of amino acid esters 
(Scheme I-28) and the 2,5-piperazinediones obtained in this manner 
are optically active c~ 85% optically pure) and produced in almost 
quantitative chemical yield. 
Rh Cl 1. 3H 1 O 
15 0' 
Scheme I-28 
I-9.2 From Acyclic Dipeptides 
The standard method for preparing 2,5-piperazinediones, 
especially mixed 2,5-piperazinediones, involves the cyclisation of 
the free dipeptide esters. These compounds can be synthesised by 
the Fischer method 124 , that is the action of amnonia on the corres-
ponding hydrochloride salts, or by the hydrogenation of N-benzyl-
oxycarbonyldipeptide alkyl esters in neutral solution 1 25 . The 
Fischer method effects the in situ cyclisation of the dipeptide esters 
formed initially. However extensive racemisation was often observed 
1n the past as a result of the exposure of the 2,5-piperazinedione 
to ammonia but optically pure 2,5-piperazinediones can be obtained 
1n good yields by reducing the reaction ti me 65 . 
While cyclisation of simple dipeptide esters, such as glycyl-
glycine ethyl ester69 and glycylvaline methyl ester 126 occurs merely 
upon standing at room temperature in alcohol, other dipeptides 
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containing larger aliphatic or aromatic groups require treatment 
with methanolic ammonia to effect cyclisation 123 • 
Free dipeptides or their salts, can also be cyclised by heating 
,n molten phenol 1 27 , or by heating the formate salts of dipeptide 
esters in 2-butanol 128 • A further,closely related method has been 
recently described where the free dipeptide esters were heated in 
2-butanol containing 0.1 M to 2 M acetic acid 129 • 
I-9.3 From 3-Alkylidene-2~5-piperazinediones 
While cyclisation of acyclic dipeptides enabled the synthesis of 
either cis-or trans-2,5-piperazinediones, hydrogenation of mono-
alkylidene or benzylidene 2,5-piperazinediones (79) yielded only the 
corresponding cis-diastereomers 65 ' 112 ' 130 ' 131 (80) (Scheme I-29) 
0 
•y./H 
N L ' 
H/~-R 
0 
(79) 
R,R' = aryl, alkyl or H 
Scheme I-29 
(80) 
The asymmetric induction upon hydrogenation of (79) was 
usually greater than 90%, and nonnally closer to 98%112 ' 130 ' 131 • 
Hydrolysis of the resultant 2,5-piperazinedione (80) gave good yields 
of the amino acids, in high optical purity. 
This method is versatile and of general applicability since 
firstly, a wide range of optically active amino acids can be used 1n 
the synthesis of (79), and secondly, aldehydes, ketones (section I-7.5) 
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and a-ketoacids (section I-10) can be used 1n the synthesis of the 
alkylidene or benzylidene portion of (79). Furthermore,the use of 
a 0- (i.e. R) a-am, no acid in ( 79) pro vi des a genera 1 route to 
0-a-amino acids 1 31 • 
Palladium black was found to be most effective catalyst in 
these hydrogenation reactions 131 • Thus,the asymmetric induction 
upon hydrogenation of cyclo(6*Leu-L-Alal with either palladium black., 
5% palladium charcoal, or platinum oxide were 98%, 94% and 91% 
respectively. Temperature appears to have little effect on the 
asymmetric induction, but methanol or dimethylformamide give higher 
chiral inductions than does acetic acid in a number, though not all, 
examples. The high asymmetric induction can be explained 130 by 
considering the most favourable approach of the 3-alkylidene-2,5-
piperazinediones (79) to the catalyst's surface. This would be from 
the less hindered a-face and hydrogenation from this face would give 
the observed cis -2,5-piperazinedione (80) (Scheme I - 30 ). 
-------NH-CO)' 
/~co--NH 
R H H 
r1-1 7 
(79) 
~/_/ 
(80) 
Scheme I - 30 
It is significant that even the alanine moiety (R ' = methyl ) was 
large enough to give exclusively the ci -product. 
* 6 denotes a ,8-dehydroamino acid residue 
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I-10 SYNTHESIS OF 3-ALKYLIDENE-2,5-PIPERAZINEDIONES 
I-10.1 Cyclisation of a~B- Dehydro(JJ71ino Acids 
3-Alkylidene, 3-benzylidene and 3,6-dibenzylidene-2,5-piperazine-
diones may be prepared readily from cyclo(Gly-Gly) by Gallina's 
procedure 94 ' 95 (Schemes I-10 and I-11) but this method gives poor 
yields of 3,6-bisalkylidene-2,5-piperazinediones (82). However, these 
compounds can be prepared by an alternative route starting from 
their respective aldehydes, and proceeding through a,B-dehydroamino 
esters (81) 132 (Scheme I-31). 
R 1 , R2 = a 1 ky 1 
R'R'cA/H 
H/~vCR'R1 
0 
(_82) 
Scheme I - 31 
Base 
( 81 ) 
Al.Hg 
Shin and co-~orkers 13 2 - 136 have reported several further 
methods for the preparation of 3-alkylidene-2,5-piperazinediones. 
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The first method 133 involved the synthesis of the chloro-oxazolone 
(84) from dichloroacetyl-L-leucine (83) by treatment with acetic 
anhydride, followed by hydrolysis, to give the ~-(chloroacetyl)-
dehydroleucine (85). The reaction of this compound (85) with 
ammonia gave glycyldehydroleucine (86) which was esterified to give 
the corresponding methyl ester hydrochloride (87). Neutralisation 
of this hydrochloride with an aqueous solution of sodium bicarbonate 
gave the desired 3-isobutylidene-2,5-piperazinedione (88) in less 
than 10% overall yield (Scheme I-32). 
Ac 2 0 
(83) (84) 
NH,/ MeOH 
(86) (85) 
Me OH/ HCI 
aqN~HCO, 
(87) (88) 
Scheme I - 32 
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Other syntheses of 3-alkylidene-2,5-piperazinediones developed 
by these authors involve alternative routes to the N-(chloroacetyl)-
dehydroimino acids (86) or their alkyl esters. These included the 
acid catalysed condensation of a-ketoesters with chloroacetamide 134 ' 135 
or of the a-ketoesters with chloroacetonitrile136 . 
The treatment of N-acetyldehydrophenylalanylglycines (89)* with 
ketene, or acetic anhydride, effects cyclisation to give the 
2,5-piperazinediones (90) 78 ' 137 ' 138 (Scheme I - 33). 
~ oR ~ rt''-co,H 
R = H, Me 
N........._/CH, 
H/ IT 
0 
(89) 
Scheme I-33 
(90) 
R = Ac, Me 
Sammes et al. 137 have shown that in refluxing acetic anhydride, 
the N-acetyl group which was present initially, was replaced by 
hydrogen during the reaction or the isolation procedure. 
I-10. 2 Dehydration of 3- H.1droxy - 2~ 5-piperazinediones 
a-Ketoacids have been used in the synthesis of 
3-alkylidene-2,5-piperazinediones (94). One procedure 130 ' 140 
involved the condensation of a-amino acids (91) with a-ketoacids (92) 
followed by ammonolysis and dehydration of the intermediate 3-hydroxy-
3-alkyl-2,5-pipera_zinedione (93) (Scheme I - 34) . 
* The synthesis of these compounds has been recently reviewed by 
Schmidt et al . 1 39 • 
40 
H RYC0 1 Me + 0 0 I II II R CH 1-C-C-OH 
NH 1 
(91) (92) 
H 0 
·rN/H 
N L I 
H/~-R 
0 
(94) 
Scheme I-34 
DCC 
CF,co, H 
NH 1 
H 0 
-~---" 
/N I R' 
H~ 
0 H 
( 9 3) 
1-Alkoxy-2,5-piperazinediones (95) can be dealkoxylated via the 
intermediate 3-methoxy-2,5-piperazinediones (96) as shown in 
Scheme I - 35 141 ' 142 • 
( 95) 
R1 = alkyl or aryl 
R2 , R3 = alkyl 
Base 
MeOH 
(96) 
Scheme I - "5 
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I-10.3 Dehydration of B- ~yd~xy- 2~5- piperazinediones 
A 
3-Alkylidene-2,5-piperazinediones can also be synthesised v~a 
the dehydration of B-hydroxy-2,5-piperazinediones (Scheme I-4?, p.53). 
In more complex molecules, such as mycelianamide (104) which 
contains labile groups, the 3-benzylidene substituent cannot be 
introduced by the standard methods described in this section. Thus 
Brown and Meehan 143 were not successful in condensing the 1 ,4-
dihydroxy-2,5-piperazinedione (97) with p-hydroxybenzaldehyde using a 
variety of conditions. 
(97) 
Although these authors were able to synthesise the B-substituted-
2,5-piperazinediones (98), all attempts to form the required 
3-benzylidene-2,5-piperazinediones (99) from these derivatives by 
base catalysed or thermal elimination processes were unsuccessful 
(Scheme I- 36 ) . 
R10 
I I J I 
(98) (99) 
R1 , R3 = R4 = Ac, Me or H R2 = SMe, SOMe or S0 2Me 
Scheme I - 36 
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Recently Shinmon, Cava and Brown 14 4 have re ported the first 
total synthesis of (±)-mycelianamide (104) by a modification of the 
above approach. Thus,cyclisation of (100) with hydroxylamine gave 
the l ,4-dihydroxy-2,5-piperazinedione (101) but this intermediate 
could not be converted directly into mycelianamide. However,oxidation 
of the bis-t-butyldimethylsilyl ether (102) with m-chloroperbenzoic 
acid gave the desired 3-benzylidene-2,5-piperazinedione (103) which 
afforded (±)-myceli-anamide (104) on desilylation (Scheme I-3 ? ). 
R' Jn\l. / 
R10 ~ 1 C0
1 El 
N CH Br Me 
HO/ "i(' MeOH 
0 
(100} 
mCPBA 
THF 
(103) 
HF/EtOH 
R'0-0-0N/OH HO/N0 
0 
( 104) 
Scheme I - 37 
R1 = 
R2 = 
R3 = 
( l 01) 
tBuM6?iCI 
lmida zo le 
DMF 
N 
OR 1 
/ 
R10/N0 
0 
(102) 
phenyl 
Si Me2 -But 
geranyl 
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I-10.4 Dehydrogenation of 2~5-Piperazinediones* 
Recently Sammes and co:-workers 9 2 have described a new route to 
3-benzylidene-2,5-piperazinediones. In this synthesis, treatment 
of a mixture of the l ,4-diacetyl-3,6-dibenzyl-2,5-piperazinediones (25) 
and (26), with elemental sulfur and triethylamine in DMF followed by 
hydrolytic removal of the acetyl groups, gave the 3-benzylidene-6-
benzyl-2,5-piperazinedione (105) (Scheme I-38 ). 
( 2 5) 
+ 
1.s./Et 1 N 
2. -oH 
( 105) 
Scheme I - 38 
( 26) _ 
While only the monobenzylidene-2,5-piperazinedione was formed 
1n the above reaction, isomerisation of (105) to the 2,5-pyrazinediol 
(106), followed by similar treatment with sulfur, gave 3,6-bisbenzyl-
idene-2,5-piperazinedione (72) (Scheme I - 39 ). 
* See also section I-7.6 
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( 105) ( 106) 
S /Et,N 
( 7-2) 
Scheme I-39 
These oxidations have been rationalised in terms of an initial 
e 1 e ct ro phi 1 i c attack by s u 1 fur on the 2 , 5- pi p e r a z i n e di on es , ( 2 5 ) and 
(26) or 2,5-pyrazinediol (106), followed by elimination under the 
basic conditions employed. 
I-11 OXIDISED 2,5-PIPERAZINEDIONES IN NATURE 
Many oxidised 2,5-piperazinediones have been isolated from 
natural sources over the past decade. Oxidised 2,5-piperazinediones 
may be conveniently classified into four main categories as follows: 
(l) l-hydroxy-2,5-piperazinediones 
(2) 3-alkylidene-2,5-piperazinediones 
(3) C oxidised 2,5-piperazinediones 
a 
(4) c6 oxidised 2,5-piperazinediones 
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Individual oxidised 2,5-piperazinediones may belong to one or 
more of the above categories. Examples of each category are given 
below. 
Mycelianamide (104) 145 - 147 is an example of a l-hydroxy-2,5-
piperazinedione, however it could equally well be classified amongst 
the 3-alkylidene-2,5-piperazinediones. 
(104) 
3-Alkylidene-2,5-piperazinediones often accompany their saturated 
analogues. For example, austamide (107) 148 and its dihydro analogue 
(108) 149 have been isolated from the mould, Aspergillus ustus. 
©(;-, 
I 
J 
0 
H 
( 107) 
©(!-, 
I 
H 
-N(J 
_fH 
0 
(108) 
More recently,the 3-hydroxy-2,5-piperazinedione (109) 150 has 
been isolated from Asperillus us tus and this compound is of interest 
since it is possibly a biosynthetic intermediate between (108) and 
austamide (107). Up to the present time,this compound is the only 
known naturally occurring 2,5-piperazinedione bearing an a -hydroxy 
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substituent without being similarly substituted at the s-carbon atom. 
©r:·-
1 
H 
( 109) 
Compounds possessing an epidithio-bridge can also be formally 
considered as C oxidised 2,5-piperazinediones and these compounds 
a 
form a large group of toxic fungal metabolites collectively known as 
3,6-epidithio-2,5-piperazinediones. Fumitremogenin A {3) 4 - 6 and B 
(110) 151 ' 152 are well known examples of 2,5-piperazinediones oxidised 
at both Ca and c6 positions although this oxidation pattern 1s most 
frequently found in 3,6-epidithio-2,5-piperazinediones such as 
ve rt i c i 11 in B ( 111 ) 1 5 3 • 
( 110) ( 111 ) 
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The recent structural determination of aspirochlorine (112) 
revealed a variant on the above, since the molecule contains a 
l,3-dithiobridge as well as ether functions at the a and s-carbon 
atoms. 
HO 
Cl s5 
MeO H o ~ 
( 112) 
No naturally occurring 2,5-piperazinediones have yet been 
isolated where oxidation has occurred solely at the c6 atom. The 
microbial metabolite, 0-cycloserine (113) 155 ' 156 is a broad spectrum 
antibiotic which readily dimerises to give the cis-3,6-bis(s-amino-
oxymethyl)-2,5-piperazinedione (114), both in solution and in the 
solid state 157 • Since 0-cycloserine (113) has been shown to be in 
equilibrium with the 2,5-piperazinedione (114), in the pH range of 
l to 91 58 ' 159 , the latter compound (114) may itself be a true natural 
product. 
H 
I 
,/;'>= 
'fa 
( 11 3) ( 114) 
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I-12 SYNTHESIS OF OXYGE NATED 2,5-PIPERAZI NEDIO NES 
I-12.1 a- Oxygenated 2~5- Piperazinediones 
2,5-Piperazinediones bearing oxygen functionalities at the 
a-carbons (116) (i.e. C3 or CG) may be synthesised from 3-alkylidene-
2,5-piperazinediones (section I-8.2), a-ketoacids (section I-1O.2), 
or by direct photochemical oxidation of 2,5-piperazinediones 
(Scheme I - 7 ). Other approaches include the nucleophilic displacement 
of the bromide ion from 3-bromo-2,5-piperazinediones (115) with oxygen 
anions (Scheme I-40 )10 0 
Br O R' 0 0 R'rN_,,M, R1 o- R'r _,,Me 
Me/N~ Me/~ 
0 0 
( 11 5) ( 11 6) 
R1 = alkyl or H 
R2 alkyl or acyl = 
Scheme I- 40 
and the direct oxidation of the 2,5-piperazinedione (117) anion with 
MoOPH160 * (Scheme I - 41 }. 
MoOPH 
0 
SI Me 2 t Bu 
(117) . 
Scheme I - 41 
* MoOPH = Oxod i pi peroxymolybdenum(hexamethylphosphorictriamide)(pyridine) 
... 
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I-12.2 B- Oxygena.ted 2)5-Piperazinediones 
Up until the mid 1970 1 s relatively few syntheses of B-hydroxy-
2,5-piperazinediones had been published and nearly all of these 
utilized the appropriate S-hydroxy-amino acids or dipeptides 65 ' 106 • 
However Gallina and Liberator i 95 have reported that the aldol condensa-
tion of 1 ,4-diacyl-2,5-piperazinediones (118) with p-nitrobenzaldehyde 
(119) gave the corresponding S-acetoxy-3-( p-nitrobenzyl) derivative 
( 120) (Scheme I-42). 
0 CHO 
R~N/A< ~ Base N0R,+ Ac/ N0 2 0 N01 
( 118) ( 119) (120) 
R1 = p-nitrobenzylidene, R2 = H or R1 = R2 = Me 
Scheme I-42 
In each case, a mixture of diastereomers was obtained, in 
poor yield. More recently,Maay et al . 161 have treated the 1 ,4-
diacetyl-2,5-piperazinedione (121) with the ketone (122) at much lower 
temperatures and obtained the S-acetoxy-2 -acyl-2,5-piperazinedione 
(123) in 41 % yield after quenching the reaction mixture with acetic 
acid at - 40° . Again,a mixture of diastereomers was produced 
(Scheme I - 43) . 
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Cr. 0 C0 N / C 0 1.LDA/-78 N /H Ac/N~ + O~c 2. AcOH/-40 N Ac/ 0 0 
( 12 l ) (122) ( 12 3) 
Scheme I-43 
Similar aldol condensations have been reported for the 
bicyclo-l,4-dimethyl-2,5-piperazinedione (124) with aliphatic 
aldehydes 162 (Scheme I-44). 
1. LDA 
2 . RCHO 
HO 
R 
( 124) ( 12 5) 
R = alkyl ratio of diastereomers = 4:1 
Scheme I - 44 
The high degree of stereocontrol observed in the above 
condensation product (125) has been attributed to steric hindrance 
between the alkyl side chain of the incoming aldehyde and the 
N-methyl group. In the first total synthesis of (±)gliotoxin (128) 
Kishi et al. 163 have used the di-anion derived from 2,5-piperazine-
dione (126) to effect intramolecular alkylation (cyclisation) and 
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simultaneous intermolecular alkylation with chloromethyl benzyl 
ether. The resultant 2,5-piperazinedione (127) was subsequently 
converted to (±)gliotoxin (128) (Scheme I- 45 ). 
( 126) (127) 
( 128) 
Scheme I-45 
Sammes et al . 83 have reported that their attempts to 
alkylate simple 2,5-piperazinediones gave poor yields of the 
corresponding 3-alkyl derivatives. 
However, it could be argued that 1n such si mple derivatives the 
most acidic protons would be the amide protons. Thus, in order for 
C-alkylation to occur, two adjacent anions would have to be formed 
and as such this would be energetically unfavourable. Further -and 
0-alkylations would be expected to compete with the c-alkylation. 
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Cyclo(MeGly-MeGly) was found to be unreacti ve towards benza 1 dehyde 
in the presence of acetic anhydride and base 164 , in contrast to 
cyclo(Gly-Gly) and its 1 ,4-diacyl derivative. The lack of reactivity 
of cyclo(MeGly-MeGly) can be attributed to the lower acidity of the 
a-protons when compared to those of the 1 ,4-diacyl derivative. 
I- 13 REACTIONS OF OXYGENATED 2, 5-P I PE RAZI NEDI ONES 
I-13.1 Dehydration 
Oxygenated 2,5-piperazinediones containing a 3-hydro..xyl group have 
been dehydrated directly by treatment with trifluoroacetic acid 
(see section I-1O.2) or indirectly by the in situ formation, and 
elimination, of the corresponding 3-chloro-2,5-piperazinediones 130 • 
Other acids have also been used to effect dehydration. For example, 
the 3,6-dibenzyl-3,6-dihydroxy-2,5-piperazinedione (129} has been dehy-
drated by treatment with p-toluenesulphonic acid in reluxing toluene 
to give the 3,6-bisbenzylidene-2,5-piperazinedione (72) (Scheme I-46). 
H·/toluene 
( 12 9) (72) 
Scheme I- 46 
In some cases,the 3-hydroxy-2,5-piperazinediones dehydrate under 
the reaction conditions employed in their synthesis and only the 
corresponding 3-alkylidene-2,5-piperazinediones are isolated90 ' 1 66 • 
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The S-hydroxy-2,5-piperazinediones (130) in contrast, are not 
normally dehydrated when treated with acids. The latter compounds 
are normally dehydrated indirectly by the formation of their O-acetyl 
or o-tosyl (131) 65 ' 106 derivatives, followed by base catalysed 
elimination of these groups (Scheme I- 47 ). 
( 130) 
R = alkyl 
R1 = acyl or tosyl 
Scheme I- 47 
( 131) 
Base 
However,the 8-aryl-8-tosyl-2,5-piperazinedione (132) derived from 
8-phenylserine and leucine was found to be inert to base catalysed 
elimination 131 , presumably due to steric hindrance by the phenyl and 
tosyl groups to the approaching base. 
(132) 
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I-73.2 Retro- aldol Reactions 
A number of authors 111 - 115 have suggested that S-hydroxy-2,5-
piperazinediones are intermediates in the degradation of 
3-alkylidene-2,5-piperazinediones with hydroxide ion (see section I-8.4). 
The aldehydes formed in the abovementioned reaction (Scheme I-23) are 
believed to arise by a retro-aldol condensation of the intermediate 
S-hydroxy-2,5-piperazinediones which presumably arise vi a a Michael 
addition of hydroxide to the olefin. However,these intermediates 
have not been detected, nor have B-hydroxy-2,5-piperazinediones been 
subjected to reaction conditions which could result in such retro-
aldol reactions. The unexpected deformylation of the bridged 2,5-
. · d" ( )160 p1peraz1ne 1one 133 · on treatment with a Emmons-Horner reagent 
has been explained by the collapse (retro-aldol) of the intermediate 
oxy-anion addition product (134). 
CHO 
Po(oEt) 
2 
( 133) (134) 
Oikawa et al . 101 have also proposed a retro-aldol reaction to explain 
the formation of the aldehyde (136) while attempting the DDQ oxidation 
of the 2,5-piperazinedione (135) in t-butanol (Scheme I - 48 ). 
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DOQ 
t-Butanol 
( 135) ( 136) 
Scheme I - 48 
As other solvents give the expected dehydro-2,5-piperazinediones 
(Scheme I - 13 ) these authors proposed that the aldehyde is formed 
indirectly via dehydrogenation, followed by the Michael addition of 
t-butanol. The t-butoxy derivative so formed presumably eliminates 
isob utylene before the retro-aldol reaction occurs. 
I-8.3 MethyZation 
Dun kerton and Ahmed 167 have methylated a number of 3-hydroxy-
2,5- pi perazinediones (137) and (138) in excellent yield with silver 
oxide and methyl iodide in dimethylformamide (Scheme I ~49 ). 
( 137) 
\ 
+ 
R = a 1 ky l 
Scheme I - 49 
~ Me \ _J N/ \:~. 
0 O 
H 
I 
(138) 
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In each case 20-40% epimerization was observed. Here 
epimerization may occur by base catalysed ring equilibration at the 
C3 bearing the hydroxyl function, by base catalysed epimerization of 
the methine proton at C6, or via both modes. This question has yet 
to be resolved, though the second mode (C6 epimerization) appears 
less likely as many 2,5-piperazinediones have been N-methylated 
using silver oxide and methyl iodide without any significant 
epimerization taking place27 • 
I-13.4 Nucleophilic Substitution 
3-Hydroxy, alkoxy or acyloxy-2,5-piperazinediones (139) can 
undergo nucleophilic substitution reactions under appropriate 
conditions to give the corresponding 3-substituted 2,5-piperazinediones 
(140)109,1s4,15s (Scheme I-50). 
RI 0 R, X 0 
R'~N/H RJ-XH R'rN/H 
H/N~ H/N~ 
0 0 
( 139) (140) 
R i' R3 = alkyl , R2 = H, Me, Ac, X = 0 or S 
Scheme I-50 
I-14 NATURALLY OCCURRING 0-AMINO ACIDS 
While the polypeptide subunits of proteins consist exclusively 
of L-amino acid moieties, the cyclic peptides produced by a range 
microorganisms are rich sources of D-amino acids. A growing number of 
D-amino acids have been identified in plants, but very few have been 
isolated from animals 169 . 
I 
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Dermorphin (141), which contains 0-alanine, was the first 
0-amino acid derivative to be isolated from a verterbrate 170 and 
the analgesic effect of (141) was shown to be one thousand times 
greater than that of morphine. Furthermore the 0-alanine residue was 
found to be essential for the activity of this peptide for synthetic 
material containing L-alanine had less than 0.1 % of the activity of 
the natural or synthetic dermorphin (141). 
Ty r -0-Ala - Phe- G ly - Pro-Ser-NH 2 
( 141} 
Davies 169 has suggested that the rather limited distribution of 
0-amino acids results from deficiencies in current screening methods 
and it is possible that these amino acids have a much wider distribu-
tion than is currently thought. 
Examples of naturally occurring 0-amino acids and peptides 1n 
which they are found are shown below in table 1. 
Table 1 
0-Amino Acid Peptides Reference 
0-A 1 an i ne Dermorphin 170 
0-Aspartic Acid Mycosubtitin 1 71 
0-Cys tei ne Ma 1 formi n C 172 
0-5-Chlorotryptophane Longricatenamycin -173 
D-Isoleucine Bacitracin 174 
0-Leucine Ma 1 formi n C 172 
0- 0 rn i th i n e Endurocidin A 175 
D-Phenylalanine Octapeptin C 176 
D-Pro 1 i ne Chlamydocin 177 
0-Serine Polymixin D 178 
0- Tyrosine Mycosubtilin 171 
0-Valine Valinomycin 179 
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Some 2,5-piperazinediones, like other cyclic peptides, have 
been found to contain O-amino acids. These include the cyclo-
(L-Phe-O-Pro) derivative (142) 180 , cyclo(L-Tryp-O-Val) (143) 181 and 
the cycloserine dimer (114) in which both amino residues have the 
O-configuration. 
(142} (143) 
Since O-amino acid subunits of cyclic peptides are not 
incorporated as such but are formed by inversion of configuration 
within the peptide chain, it has been proposed that this inversion 
takes place in intermediate 2,5-piperazinediones, before ring 
expansion occurs to larger cyclic peptides 182 • Thus the ready i n vi t ro 
epimerization of 2,5-piperazinediones has been proposed as a mechanism 
for epimerization in vivo. Other modes of epimerization are also 
possible 169 and to date the exact mode(s) of this in vivo epimeriza-
tion has not been established. 
I-15 BIOSYNTHESIS OF NATURALLY OCCURRING 2,5-PIPERAZINEDIONES 
Many structurally complex 2,5-piperazinediones· have been shown 
to be derived from simple amino acids. These amino acids initially 
condense to form the corresponding simple 2,5-piperazinediones, before 
further elaboration to the naturally occurring, complex 2,5-piperazine-
diones takes place. Thus, labeling studies have demonstrated 1 83 that 
serine or glycine (probably incorporated via serine) and phenylalan i ne 
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are efficiently incorporated into gliotoxin (128), as 1s cyclo-
(L-Phe-L-Ser) (144). The N-methyl group in gliotoxin 1s derived 
from methionine. 
( 144) 
In general, however, the precise order in which N-methylation, 
oxidation, etc. occur in the biosynthetic sequence has not been 
de t e nn i n e d . Fu rt he r i n some ca s es , s u ch as i n the f o rma ti on o f 
3-alkylidene-2,5-piperazinedione and the incorporation of sulfur into 
3,6-epidithio-2,5-piperazinedione, the intermediates and mechanisms 
remain obscure. 
While B-oxygenated-2,5-piperazinediones are usually derived 
from B-substituted-amino acid precursors, the origin of both a-and 
a , B-oxygenated-2,5-piperazinediones remains to be determined. These 
oxygen atoms may be derived from the medium (e.g. water) or from 
molecular oxygen as suggested by Schmidt et aZ . 89 ' 90 • 
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CHAPTER II 
THE STRUCTURE AND REACTIONS OF PICROROCCELLIN 
-
61 
II-1 THE STRUCTURE AND REACTIONS OF PICROROCCELLIN 
Picroroccellin was extracted from the lichen Rocce lla fuciformis 
using refluxing ethanol after the co-occurring erythrin (145) had 
been removed by washing with a solution of calcium hydroxide or 
dilute ammonia 13 • Picroroccellin formed large prisms on recrystall-
ization from ethanol and had a m.p. 192-4°. 
Me ~ 
C-0 OH 
HO OH IQ! CO,CH,-CH-CH-CH,OH y II 
Me OH OH 
( 145) 
From their study of this metabolite Stenhouse and Groves 13 
established that picroroccellin contained nitrogen and determined a 
molecular formula of C27H29N3Q3, This compound was the first 
crystalline, organic, nitrogen containing lichen metabolite to be 
isolated. 
When picroroccellin was refluxed briefly with dilute sulfuric 
or hydrochloric acid, it was converted to xanthoroccellin 
(C24H2sN203). The same compound was also formed when picroroccellin 
was heated at 220° for about 10 minutes. Xanthorocc~llin melted at 
183° and when treated with nitric acid was oxidised to benzaldehyde. 
Picroroccellin dissolved in boiling dilute aq. sodium hydroxide 
with liberation of a little arrmonia. The addition of acid gave a 
precipitate which when recrystallized from ethanol gave a new compound, 
C24H 2sN2Q 3, as prisms which melted at 154°. The oxidation of this 
7 
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compound by treatment with nitric and chromic acids gave benzaldehyde 
and benzoic acid. 
Although armed with the above information Stenhouse and Groves 
were not able to forward any structure for this metabolite. It 1s 
surprising that they did not question the molecular formulae of the 
two derivatives of picroroccellin which indicated an odd number of 
hydrogen atoms and an even number of nitrogen atoms. A neutral mole-
cule containing C, H, N and O must have, either an even number of 
hydrogen and an even number of nitrogen atoms, or an odd number of 
both hydrogen and nitrogen atoms to be consistent with the valencies 
of these atoms! 
Forty-five years later,Forster and Saville 15 re-examined the 
original samples prepared by Stenhouse and Groves and qualitatively 
confirmed their results but corrected the molecular formula of 
picroroccellin to C20H22N204 with m.p. between l90-220°,IaJ0 12.5°. 
They found that the exact melting point obtained was dependant on the 
rate of heating. 
Furthermore,the molecular formula of anhydropicroroccellin, 
formed by treatment of picroroccellin with base was found to be 
C20H20N203, m.p. 155° and [a] 0 - 463.7°. These compounds were 
formulated as (8) and (146) (Scheme II-1). 
Anhydropicroroccellin was subsequently methylated with 
dimethylsulphate to give methylanhydropicroroccellin, formulated as 
(147), m.p. 139°, [a] 0 - 661.2° (Scheme II- 1 ). 
Xanthorocce llin formed by treatment of picroroccellin with 
acid was found to have eliminated methanol and water and to have a 
mole cular formula of C19H15N202 . Xanthoroccellin, formu lated as (148) 
was most conveniently produced by heating picroroccellin (8) in hot 
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( 146) 
(8) 
(147) 
Scheme II- 1 
glacial acetic acid containing a catalytic amount of hydrochloric 
acid (Scheme II-2). 
(8) ( 148) 
( 149) 
Scheme I I - 2 
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The proposed structures for anhydropicroroccellin (146) and 
xanthoroccellin (148) readily account for the formation of benzalde-
hyde and benzoic acid when these compounds are oxidised with nitric 
or chromic acids. The intermediacy of xanthoroccellin (148) would 
also account for the formation of benzaldehyde and benzoic acid 
when picroroccellin was treated with an acidic solution of potassium 
pennan gana te. 
Forster and Saville found that methylation of picroroccellin 
(8) readily gave dimethylpicroroccellin (formulated as (149)) in· 
quantitative yield (Scheme II-2) but surprisingly this product was 
found to be optically inactive. 
It 1s apparent that the proposed structure (8) for this compound 
has four chiral centers giving 24 ie 16 possible optically active 
forms. However,given that dimethylpicroroccellin is optically inactive 
then there are 2(4 - 2)12 or 2 optically inactive forms of dimethyl-
picroroccellin with possible structures (150) and (151). These 
trans -isomers are optically inactive because they contain a centre of 
symmetry. 
( 1 50) ( 1 51 ) 
The cis -isomers need not be considered since complete racem1sa-
tion of all of the chiral centers seems unlikely as similar treatment 
of picroroccellin and anhydropicroroccellin (Scheme II- 1) with 
aqueous sodium hydroxide gave optically active products. 
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Given the uncertainty regarding the precise position of the 
a-and N-methyl groups there are eight possible optically active 
trans-isomers with proposed structures (152), (153), (154), (155), 
and their mirror images. 
( 152) ( 153) 
Me Me 
( 154) ( l 55) 
The only alternative explanation for the optical inactivity of 
dimethylpicroroccellin is that the other possible structures which do 
not have a centre of symmetry are optically inert at the sodium D 
line. 
We believe that such an explanation is highly unlikely as many 
literature examples of both simple and complex chiral 2,5-piperazinediones 
are, without exception, optically active at the sodium D 
lines3,G4,Gs,112,131,149,1s4,15s,1s4-19s. 
Treatment of dimethylpicroroccellin (149) with refluxing acetic 
anhydride gave methylxanthoroccellin (156) (Scheme II-3). The latter 
compound (156) was also formed by treating xanthoroccellin (148) with 
dimethyl sulfate and sodium hydroxide. 
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Ac 1 0 
(149) ( 1 56) 
HI 
A 
(157) 
Scheme II-3 
When estimating the methoxy content of dimethylpicroroccellin 
by the Zeisel method (at 140°) Forster and Saville found that this 
compound (149) was reduced to cyclo(MePhe-MePhe) (157), m.p. 165° 
(Scheme II-3) . 
No optical rotation was given for compound (157) implying that 
it was optically inactive. These workers subsequently synthesised 
methylxanthoroccellin (156) and cyclo (MePhe-MePhe) (157) by methylation 
of the 3,6-bisbenzylidene-2,5-piperazinedione (72) followed by reduc-
tion of (156) with hydroiodic acid (Scheme II- 4) . 
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HI 
( 1 57) ( 1 56) 
Scheme II-4 
The synthetic compounds ll56} and (157) were found to be 
identical with the corresponding degradation products derived from 
picroroccellin. It would appear that cyclo(MePhe-MePhe) (157) may 
have been derived from dimethylpicroroccellin through the intermediacy 
of methylxanthoroccellin (156) by the initial acid catalysed elimina-
tion of two molecules of methanol. 
Oxidation of xanthoroccellin (148) and methylxanthoroccellin 
(156) with nitric acid gave the corresponding tetraketopiperazines 
(158) and (159) respectively (Scheme II- 5) . 
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©-0N/M• 0 H N0 1 / Ac OH O~N/M, 
./"0-© •/"~o 0 
( 148) R = H ( 1 58) R = H 
( 1 56) R = Me (159) R = Me 
Scheme II-5 
Benza 1 dehyde, benzoi c acid and p-ni trobenzoi c ac_i d were a 1 so 
isolated from the above oxidation of xanthoroccellin (148). 
Potassium permanganate oxidation of anhydropicroroccellin (formulated 
as (146)) and methylanhydropicroroccellin (formulated as (147)) gave 
the corresponding triketopiperazines with proposed structures (160) 
and (161) respectively (Scheme II-6). 
(146) 
( 14 7) 
R = H 
R = Me 
Acetone 
Schen:e II- 6 
(160) 
( 1 61 ) 
R = H 
0 0 
~CH,-~-~-OH 
(162) 
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Forster and Saville had envisaged that hydrolysis of structure 
(161) would yield 3-methoxy-2-(methylamino)- S-phenylpropionic acid 
(163), while hydrolysis of (160) should have given either (163) or 
2-amino-3-methoxy-phenylpropionic acid (164). In this manner it 
should have been possible to establish the relative positions of the 
N-methyl and o-methyl groups. 
C01H 
NHMe 
( l 63) 
Me 
0 
(164) 
C01H 
Unfortunately,phenylpyruvic acid (162) was the only aromatic 
product (Scheme II-6 ) isolated on hydrolysis of these compounds. 
Picroroccellin was considered to arise biosynthetically 15 by the 
intermolecular condensation of 3-methoxy-2-(methylamino)-3-phenyl-
propionic acid (163) and 2-amino-3-hydroxy-3-phenylpropionic acid (165) 
(S-phenylserine) as shown in Scheme I I- ?. 
H 
0 COrH MeHN 
+ 
- 2H 1 0 
NH 1 H01C 0 
Me 
( 165) (.163 ) (8) 
Scheme II- ? 
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Consequently Forster and Saville 196 attempted a biomimetic 
synthesis of the 2,5-piperazinedione (8). In this approach, 
2-azido-3-hydroxy-3-phenylpropionic acid (167) was obtained from the 
salt of the known chlorohydrin (166) (Scheme II-8). 
CO 2 -Na• 
Cl 
2. H • 
(166) 
Scheme II-8 
C02H 
( 167) 
Me 
0 
1. Me 2 SO, 
2. -oH/ HzO 
3. H° 
C02H 
N, 
( 168) 
Methylation of 2-azido-3-hydroxy-3-phenylpropionic acid (167) 
with dimethyl sulfate gave the corresponding 2-azido-3-methoxy-3-
phenyl pro pi on i c acid ( 168) (Scheme II-8) but no further progress 
towards the corresponding amino acids was reported. 
It is interesting to note that when 2-azido-3-hydroxy-phenyl-
propionic acid (167) was heated with aqueous sodium hydroxide it 
rapidly decomposed, yielding benzaldehyde, ammonia and sodium azide. 
However, the 2-azido-3-methoxy-phenylpropionic acid (168) was much more 
stable and when heated with aqueous sodium hydroxide slowly produced 
sodium azide but no benzaldehyde. 
I': 
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To our knowledge this has been the only attempted synthesis of 
picroroccellin. 
Since this work of Forster and Saville, their proposal for the 
structure of picroroccellin has been accepted in the literature. In 
fact,often only one of the two alternative possible structures 
i n di cat e d i n s t ru ct u re ( 8 ) 1 ' 1 3 9 ' 1 9 7 has been f o rm u 1 ate d , the 
possibility that the substitution on the nitrogens might be 
reversed 19 ' 82 having been ignored. One author 197 stated that "the 
position of the N-methyl group was derived from the relatively large 
optical rotating power of anhydropicroroccellin, [a]
0 
- 163.7°, and 
of methylanhydropicroroccellin,[a] 0 - 661.2°, compared to that of 
picroroccellin, [a] 0 12.5°, and from the optical inact}vity of 
xanthoroccellin and methylxanthoroccellin, suggesting the unsymmetric 
configuration of the molecule with regards to the N-methyl group"*. 
In fact, as stated previously, Forster and Saville were unable 
to establish the position of the N-methyl group relative to the 
a-methyl group in this molecule. We believe that large changes 1n 
optical rotation may be expected 108 ' 127 when converting picroroccellin 
(fonnulated as (8)} _to anhydropicroroccellin (formulated as (.1461) 
irrespective of the relative positions of the N-methyl group. 
II-2 ALTERNATIVE STRUCTURES FOR PICROROCCELLIN AND DERIVATIVES 
As a prelude to the present work, our critical re-examination 
of the interpretations made by Forster and Saville 1 5 revealed that 
they had made several questionable assertions. Although it was clear 
that picroroccellin had a 2,5-piperazinedione structure with the 
basic skeleton being derived from cycla(Phe-Phe ), the precise position 
of the oxygen funttionalities had not been established. Thus,no 
* [a ]0 for anhydropicroroccellin should be corrected from - 163.7° to 
- 463.7° and is most likely a typing error. 
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6-phenylserine derivatives were obtained on hydrolysis of the 
triketopiperazine derivatives of picroroccellin,nor were any 
derivatives containing these 6-oxygen functionalities synthesised 
by these authors. 
Furthermore, picroroccellin (formulated as (8)) may be expected 
to yield benzaldehyde on treatment with aqueous sodium hydroxide 
(section I-13.2). However this product was not observed by Forster 
and Saville. Similarly,if the 2,3,5-piperazinetrione (161) eliminated 
methanol prior to ring cleavage, as proposed by these authors, then 
benzaldehyde would again be the expected product (section I-13.2) 
and not the phenylpyruvic acid (162) which was actually isolated. 
The alternative structure(s) for picroroccellin are ones where 
-
the oxygen functionalities are located at the a-carbons (3,6-positions 
of the 2,5-piperazinedione ring) of the respective amino acid moieties 
(169). 
Substitution on nitrogens may be reversed . 
(169) 
The alternative structure (170) for dimethylpicroroccellin 
has only two chiral centers and only one optically inactive form 
(2 (2- 2)/2 = l), which is illustrated. 
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(170) 
Consequently,there are four possible formulations for picroroccellin 
[(171), (172) and their mirror images]. 
( 171 ) ( 172) 
All the reactions reported for picroraccellin can be rationalised 
1n terms of structure (169). This structure would also account for 
the fact that 1) picroroccellin was not oxidised by a solution of 
potassium permanganate in refluxing acetone and 2) picroroccellin 
eliminated water more readily than methanol when heated with base. 
Thus (169), being a 3° alcohol would be far more resistant to oxidation 
than the corresponding 2° alcohol (8), while participation of the free 
amide function would assist in the elimination of water from the 
molecule (Scheme II- 9 ) if the free amide and alcohol groups were 
adjacent to one another. Thus,base catalysed elimination of water from 
(169) would yield ·anhydropicroroccellin (173). 
Acid catalysed elimination of water from 2,5-piperazinediones 1s a 
well known reaction and structure (169) would be expected to yield 
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( l 69) 
(l 73f 
Scheme II-9 
xanthoroccellin (148) (Scheme II-10). 
H'/AcOH 
( 169) ( 148) 
(170) 
Scheme II- 10 
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Obviously methy lation of (169) would yield the trans -di methyl-
picroroccellin (170) (Scheme II- 10 ). Extending our re-formulation of 
the degradation products of picroroccellin, the treatment of di methyl-
picroroccellin (170) would be expected to yield methylxanthoroccellin 
(156) (Scheme II- 11 ), while oxidation of anhydropicroroccellin (173) 
( 170) ( 1 56) 
Scheme II-11 
and methylanhydropicroroccellin (174) would be expected to give the 
corresponding 2,3,5-piperazinetrione compounds (175) and (176) 
respectively (Scheme II-1 2 ). 
(173) R = H 
( 174) R = Me 
Acetone 
Scheme II- 12 
(175) R = H 
( 17 6) R = Me 
0 0 
II II 
ocH,-c- c-oH 
( 1 62 ) 
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Further hydrolysis of the 2,3,5-piperazinetriones (175) and/or 
(176) would be expected to give phenylpyruvic acid (162) (Scheme II-1 2) 
directly and would not necessarily involve the elimination of methanol 
before hydrolysis of the 2,3,5-piperazinetrione ring. 
Both of the proposed structures for picroroccellin (8) and (169) 
would be acceptable on biosynthetic grounds. The former structure 
could be derived from phenylserine, while the latter could be derived 
from phenylalanine through the oxidation and methylation of 
cyclo(Phe-Phe). In fact,2,5-piperazinediones containing both oxidation 
patterns are known (section I-11). 
Some obvious problems in establishing the structure of p1cro-
roccellin are summarised below. 
(l) No natural material was available for conventional structural 
analysis despite a thorough investigation of numerous collections of 
R. fuciformis by Huneck 14 . 
(2) The exact location of the oxygen functions (a or S carbons) 
must be ascertained before the stereochemical aspects of the picro-
roccellin molecule can be investigated. 
(3) The only physical data available for picroroccellin and its 
degradation products were the melting points and optical rotations. 
However,a comparison of melting points of the synthetic alternatives 
for picroroccellin and its derivatives with those reported by Forster 
and Saville might not be sufficient to distinguish between the 
possibilities. 
The present project was initially concerned with the synthesis 
of a number of simple derivatives of picroroccellin (chapter 3) 
which could be used in subsequent work,but the pri mary objective of 
this study was to establish the position of the oxygen functions 1n 
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picroroccellin (chapter 4). Synthetic and biomimetic approaches 
to picroroccellin are reported in chapter 5. 
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CHAPTER III 
SYNTHESIS OF DEOXYGENATED DERIVATIVES OF PICROROCCELLIN 
79 
III-1 INTRODUCTION 
This chapter deals with the synthesis of xanthoroccellin 
(148), methylxanthoroccellin (156) and cyclo(MePhe-MePhe). 
Methylxanthoroccellin (156) and two diastereomers of cyclo(MePhe-
MePhe), that is cyclo(L-MePhe-L-MePhe) (177) and cyclo(L-MePhe-
0-MePhe) (178), have been synthesised previously but xanthoroccellin 
has not. 
( 148) ( 156) 
©-···· 0 
(177) (178) 
III-1. l Synthesis of i''·'kthylxanthoroccellin 
Methylxanthoroccellin (156) was synthesised by methylation of 
the 3,6-bisbenzylidene-2,5-piperazinedione (72). A modified 
Gallina and Liberatori procedure94 ' 95 was .used to prepare l72) as· 
depicted in Scheme III- 1. 
Treatment of the 1 ,4-diacetate (180) with triethylamine alone 
(as reagent and solvent) gave a better yield of (72) than the 
literature method which utilizes a mixture of triethylamine and 
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( 180) 
(179) 
2 PhCHO/EtJN 
(72) 
Scheme III-1 
dimethylformamide but both of these methods are superior to 
Sasaki' s procedure where cyclo( Gly-Gly) ( 179) i.s converted into 
the 3,6-bisbenzylidene-2,5-piperazinedione (72) in one step 96 • 
Methylation of (72) by treatment with dimethyl sulfate in 
basic solution gave methylxanthoroccellin (156) together with the 
compounds (181) and (182), in yields of 80%, 10% and 1% respectively 
(Scheme III-2). It is interesting to note that although this 
procedure has been repeated 1 00 ' 198 since Forster and Saville's 
work, no mention was made of the by-products. 
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( 182) 
+ 
(72) + ( 181 ) 
( 156) 
Scheme III-2 
Mass spectrometry confirmed that these three compounds above 
were isomeric (Figure III-1). 
The mono-imino ether (181) was easily distinguished by the 
1H n.m.r. spectrum since this exhibited two high field singlet 
resonances. Methylxanthoroccellin (156) and the bis-imino ether 
(182) both showed only one high field singlet resonance. The N-Me 
singlet (3.0 ppm). of methylxanthoroccellin (156) occurred upfield 
from the a-methyl (4.1 ppm) singlet of the bis-imino ether (182). 
Shin et al. 81 have recently synthesised methylxanthoroccellin 
(156) from (72) by an alternative procedure using sodium hydride 
(in dimethylformamide) and methyl iodide. Again,no mention was 
made of the formation of any by-products. However,when this procedure 
was repeated,the above three compounds (156), (181) and (182) were 
again formed in similar yields. 
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III-1.2 Synthesis of Xanthoroccel lin 
Xanthoroccellin (148) was synthesised by a modification of the 
former procedure. Limiting the quantity of dimethyl sulfate 
(3.3 moles) gave a mixture of products (Scheme III- 3) from which 
the methylxanthoroccellin (156) was separated by filtration. 
( 72) 
Me 1 SO, 
+ 
( 148) ( l 56) 
Scheme III-3 
Acidification of the mother liquors gave a crude product 
which was purified by column chromatography to give xanthoroccellin 
( 148) in c. 50% yi e 1 d. 
I I I-1. 3 Struc t ure o f ci1clo (._, ePhe- -1ePhe1 
The previous derivatives discussed 1n this chapter are planar 
molecules but cyc lo (MePhe-MePhe) (157) is nonplanar and can exist 
in two diastereomeric forms. 
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Sammes 92 has assumed the trans -geometry for the cyclo-
(MePhe-MePhe) synthesised by Forster and Saville but the reported 
1H n.m.r. spectrum is clearly that of the cis -isomer (Table l). 
However,the melting point of this isomer does not correspond to 
either that of cyclo (L-MePhe-L-MePhe) (177) or cyclo(L-MePhe-D-MePhe) 
(178) which have been synthesised by Radding et al . 199 by cyclisa-
tion of their respective dipeptides followed by methylation. 
The melting points and 1 H n.m.r. spectral data for these 
isomers are shown in Table 2. 
Table 2 
cis/trans m. p. 1H n.m.r. data* Reference Geometry -
C H CBHA C6HB N-Me CL 
trans D- L ( l 7 8 ) 187-189° 3.46 3.32 2.96 2.84 199 
cis L-L(l77) 150-151° 4.06 2.84 2.20 2.75 199 
Sammes data 161° 4.07 2.93 2.24 2.75 92 
(±) cis (184) 165° 4.04 2.90 2.20 2.76 Present 
work 
The C protons of the trans-isomer show an upfield shift 1n 
Ci 
comparison with those of the cis -isomer as expected since the 
a-protons of the cis -isomer are deshielded by the aromatic ring. 
Furthermore,we found that on t.l .c. the RF value of the trans -
isomer was greater than that of the more pola r cis -i somer , thus 
supporting the 1 H n.m.r. assignments given in Table 2. 
* All run 1n CDCl 3 
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In fact,in his synthesis of cyclo (MePhe-MePhe) Sammes 
reported the formation of a mixture of the ci s -and trans -isomers 
but fractional recrystallisation gave only one pure isomer. ~le 
have repeated Sa mmes work (Scheme III- 4 ) and separated the( ±)-
cis (184) and t r ans (178) isomers by column chromatography 
( ratio ( l 84) : ( l 78) = 2 : 1 ) . 
( 183) 
1. NaH/DMF 
2. Me I 
+ 
( 184) (178) 
Scheme III- 4 
8 
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As expected the faster moving band (after recrystallisation), 
had an identical m.p. and 1H n.m.r. spectrum (Figure III-2) to 
those reported for the trans -isomer (178), while the slower moving 
band, m.p. 165° , had a 1H n.m.r. spectrum (Figure III-3) identical 
to that reported by Sarnrnes 92 and for cyclo( L-MePhe-L-MePhe) 
(177)199. 
1 H n.m.r. of NMe 
METHINE 
~ 
Figure III-2 
1H n.m.r. of NMe 
METH INE 
7 6 5 4 3 2 1 0 
ppm (o) 
Figure III-3 
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To clarify these assignments further, we synthesised (±)-cis-
cyclo (MePhe-MePhe) (184) as outlined in Scheme III-5. 
Ht/ fl 
HlfitCOEt/ A 
(l 84) 
Scheme III-5 
As expected, catalytic hydrogenation of methylxanthoroccellin 
(156) gave the (±)-cis-isomer (184) (section I-9.3) aS-was evident 
from the 1H n.m.r. spectrum of this product (cf. Figure III-3). 
The recrystallised product (184) had a melting point of 165° 
and thus appeared identical to that obtained by both Sammes and 
Forster and Saville. In order to confirm this,we have repeated the 
reduction of methylxanthoroccellin (156) with hydroiodic acid as 
reported by Forster and Saville (Sch eme III-5). 
The product obtained via this chemical reduction was identical 
(m.p., 1H n.m.r., m.s.) to that obtained by catalytic hydrogenation 
of (156) and hence must be the racemic cis-cyc lo(MePhe-MePhe) (184). 
The difference in melting points (15° higher) between the 
L,L-ci s enantiomer (i.e. cyc lo (L-MePhe-L-MePhe) (177)) and the 
racemic product (184) was not unexpected for racemic compounds often 
have melting points higher than the pure enantiomers. Subsequently 
it was found that a higher yield of (184) could be obtained by 
using diethyl ketone as a co-solvent in this chemical reduction 
(Scheme III- 5 ) . 
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If the reaction temperature was decreased further by using 
acetone as the co-solvent, this resulted in partial reduction and 
the formation of 3-benzylidene-6-benzyl-2,5-piperazinedione (185) 
as the major product. 
( 185) 
It is interesting to speculate why reduction of (156) with 
hydroiodic acid (HI) should give the (±}-cis-isomer (184). Such 
reductions could be expected to involve intermediate iodides (186) 
formed by the Markownikov addition of HI to the double bond, 
followed by reduction by I- (Scheme III-6). 
The benzyl group of the mono reduced product (185) may hinder 
the approach of a bulky iodide ,on to the same side of the molecule, 
so that this ion must approach from below to give exclusively the 
(±)-cis-product (184). However the relative stability of the c~s-
' 
and trans -products must also be considered. 
Eguchi and Kakuta 79 have shown that cis -and trans - cyclo-
(Phe-Phe) have comparable thermodynamic stabilities but the 
(MePhe-MePhe) derivatives have not been studied previously. 
After treating (±)-cis-cyclo(MePhe-MePhe) (184) with 2 M 
sodium methoxide in methanol for 48 hours at reflux, 53%* of the 
cis -isomer and 47 7~ of the trans -isome r were recovered. Si milar 
* With errors of+ 3% 
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H• 
( 1 56) 
HI 
2HI 
( 185) 
Scheme III- 6 
i-
/Me 
N 
( 186) 
( 184) 
treatment of trans -cyclo(MePhe-MePhe} (178) resulted in the recovery 
of 49% of the cis -isomer and 51 % of the trans-isomer . Thus,as with 
the parent compound,the two diastereomers appear to have comparable 
thermodynamic stabilities so one would not expect this to be a 
dominating factor in the production of the cis -isomer (184) by 
reduction of (156) with HI. 
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CHAPTER IV 
SYNTHESIS OF METHYLANHYDROPICROROCCELLIN AND 
DIMETHYLPICROROCCELLIN 
91 
IV-1 INTRODUCTION 
As discussed 1n chapter II, the positions of the oxygen 
functions ,n picroroccellin had to be established before the 
synthesis of this compound could be attempted. In order to differen-
tiate between the two proposed structures for picroroccellin 
(i.e. (8) and (169)) it was necessary to synthesize the corresponding 
three alternative fonnulations for methylanhydropicroroccellin, 
( 1 8 7) , ( 1 88) and ( 1 7 4) . 
(. 174) 
(187) ( 188) 
These derivatives were chosen for the following reasons: 
l) The cis/trans geometry arising from the relative configuration 
of the two chiral centres of the natural product has been eliminated 
1n these compounds . 
2) As both nitrogen atoms are methylated the uncertainty regard-
ing the relative position of the N-methyl and a-methyl groups in the 
natural product has been eliminated. 
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3) As these derivatives contain only half the number of chiral 
centres of picroroccellin and dimethylpicroroccellin they are 
simpler target molecules. 
4) Once prepared these derivatives could be used as intermediates 
1n the synthesis of the corresponding 2,3,5-piperazinetriones and 
possibly dimethylpicroroccellin. 
With the limited data available for picroroccellin and its 
derivatives (see Chapter II) we anticipated that a comparison of the 
reactivities of (187), (188) and (174) might provide additional 
evidence for the structure of the natural product . . 
IV-2 SYNTHETIC STRATEGIES 
The common feature of all three target molecules (187), (188) 
and ( 174) is the 1 ,4-dimethyl -6-benzyl i dene-2, 5-pi perazi nedi one 
portion of the molecule shown below. 
With this 1n mind,retrosynthetic analysis suggested that all 
three compounds could be derived from methylxanthoroccellin (156). 
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(.188 )_ 
FGI 
( 187) ( 17 4) 
The proposed routes to (187), (188) and (174) are o~tlined 
in Scheme IV-1. 
N 
Me/ 
( 189) 
(203) 
( 187) 
94 
( 156) 
(192) 
( 174) 
(190) 
+ 
(1 88) 
SchRme I - 1 
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IV-3 SYNTHESIS OF THE S-METHOXY-2,5-PIPERAZI IEDIONES (187) AND (188) 
An analogy to the epoxidation of methyxanthoroccellin (156) 
has previously been reported in the total synthesis of (±)-cyclo-
penin200'201 (194) from 3,4-dihydro-4-methyl-3-(phenyl methylene)-lH -
l,4-benzodiazepine-2,5-dione (193) (Scheme IV-2). 
mCPBA / CH 2 Cl 2 
17 days 
( 193) (194) 
Scheme IV-2 
Thus epoxidation of (193) with m-chloroperbenzoic acid (~CPBAl 
gave (±)-cyclopenin (194) in 37% yield (after seventeen days). 
Martin et al . 200 also reported that alkaline oxidising agents and 
trifluoroperacetic acid give a complex mixture of products, although 
none were isolated or identified by these authors. 
Attempted epoxidation of methylxanthoroccellin (156) with 
m-chloroperbenzoic acid resulted in the formation of a mixture of 
products . The major products, identified by 1H n.m.r. and m.s., were 
the ring opened hydroxyesters (195) and (196) (Schem~ IV- 3) . 
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mCPBA 
( 189) 
( l 56) 
0 
O H 0 
@ 
Cl 
( 19 5) (196) 
Scheme IV-3 
In particular, the mass spectrum of the reaction product 
showed a Mt at 490 and 492 (ratio 2:1 respectively) and an ion at m/z 
245 corresponding to (197). In the 1H n.m.r. spectrum four high 
field singlet resonances for the v-methyl groups showed that not 
only had the ring opening of the epoxide occurred, but that two 
diastereomers (195) and (196) were formed in al most equal proportions. 
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( 197) 
Although other solvents and two phase systems were utilized, 
all were unsuccessful and resulted in the formation of ring opened 
products. 
A two step sequence to the desired epoxide (189) was then 
attempted as outlined in Scheme IV-4 and Scheme IV-5. 
( 156) 
NBS/ H 1 0/0ioxane 
+ 
(199) (198) 
Scheme IV- 4 
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Thus,treatment of methylxanthoroccellin (156) with one 
equivalent of N-bromosuccinimide in aqueous dioxane gave the two 
diastereomeric bromohydrins (198) and (199). These diastereomers 
were separated by column chromatography and could readily be 
distinguished by their 1 H n.m.r. and 13 C n.m.r. spectra (Figures 
IV- l and IV-2) 
X-ray analysis of the maJor isomer (198) (Figure IV-3) 
confinned the erythro-configuration of this isomer. Furthermore,the 
X-ray analysis confinned deductions made from the 1H n.m.r. spectrum 
of (198) 0n particular the position of the N-methyl singlet at 
2.4 ppm) which indicated the presence of the EN rotamer for the 
erythro-isomer (198). However,the threo-isomer (199) favoured the 
F rotomer (N-methyl singlet at 2.9 ppm). 
Subsequent ring closure of (199) by treatment with triethylamine 
gave the desired expoxide (189) (Sch eme IV-5). 
Et,N/EtAc 
(199) ( 189) 
(200) 
Scneme IV- -5 
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The epoxide (189) was stable in the crystalline state, but 
reacted readily with protic solvents in the presence of dilute 
acids or bases. For example,in the presence of water and a catalytic 
amount of hydrochloric acid,the expoxide (189) gave the diol (200) 
(Scheme IV-5) while in methanol, the corresponding 3-methoxy-2,5-
piperazinedione (201) was formed in high yield (Scheme IV-6). 
W/MeOH 
(.l 89) (201 ) 
Et Ac 
(202) 
Scheme IV-6 
Catalytic hydrogenation of this epoxide (189) resulted in the 
exclusive formation of the 3-hydroxy-2,5-piperazinedione (202). 
As the above ring opening reactions were not encouraging as potential 
routes to the B-oxygena ted-2,5-piperazinedione derivatives,the 
acid catal ysed rearrangement of the epoxide (189), and the dehydra-
tion of the diol (200) were investigated. 
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Thus,treatment of the epoxide (189) or the diol (200) with 
p-toluenesulphonic acid gave the ketone (203) (Scheme I V- ?). 
(_200) 
H• 
toluene/ A 
(189) (203) 
Scheme IV-? 
The 1H n.m.r. (Figure IV-4) and 13 C n.m.r. (Figure IV-5) 
spectra were consistent with the keto form (203) rather than the 
corresponding enol tautomer (204). In particular,the methine proton 
at 5.7 ppm 1n the 1H n.m.r. and the carbonyl carbon at 189.6 ppm 
1n the 1 3 C n.m.r. confirmed the predominance of tautomer (203). 
(2 04) 
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The predominance of the keto form (203) in solution may be a 
reflection of the destabilising interaction between the phenyl 
ring and the adjacent N-methyl group which would occur in the enol 
form ( 204). 
Hydrogenation of the ketone (203) resulted 1n the formation 
of only one diastereomeric alcohol (205) (Scheme IV-8) which has 
been assigned the erythro configuration (vide infra). 
Pd/C/H 2 
Et>N/EtAc 
(203) (205) 
Scheme IV-8 
However,catalytic hydrogenation of the enol (204) would be 
expected to result in the formation of the t hreo -isomer (206). 
N 
Me/ 
(206) 
The observed product (205) can be rationalized by the addition 
of hydrogen takin g place from the least hindered face of this 
molecule. The N-methyl group is large compared with the amide 
carbonyl group and hence the reaction takes place exclusively from 
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the latter face. A similar argument was used to explain the highly 
stereoselective aldol condensations of other N-methyl-2,5-piperazine-
diones (section I-12.2). 
Sodium borohydride was also employed in reducing the ketone 
(203), but a complex mixture of products was obtained. Methylation 
of the alcohol (205) using Forster and Saville's procedure 15 (i.e. 
dimethyl sulfate in the presence of hydroxide ion) gave the desired 
ethers (187) and (188) inc. 8% yield (Scheme IV-9). 
(205) 
+ 
( 187) (_ 188). 
Scheme IV-9 
The major product from this reaction was benzaldehyde which 
resulted from the expected retro-aldol reaction of this B-hydroxy-
2,5-piperazinedione (see section I-13.2). The very low yield of the 
two diastereomeric ethers (187) and (188) contrasts with the quantita-
tive methylation of picroroccellin reported by Forster and Saville 1 5 . 
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Since both diastereomers were produced in this reaction,some 
inversion has obviously occurred, presumably by removal of the Ca 
proton and formation of an intermediate carbanion. 
This reaction provides the first example where an isolated 
S-hydroxy-2,5-piperazinedione has been treated with hydroxide ion 
and shown to undergo a retro -aldol condensation. 
Several other methylating agents were also tried, but the 
alcohol (205) either failed to react or decomposition took place and 
low yields of the desired product(s) were obtained. For example, 
treatment of (205) with trimethyloxonium fluoroborate gave a 
c . 5% yield of the s-methoxy-2,5-piperazinedione (188) together with 
80% of methylxanthoroccellin (156) (Scheme IV- 10 ). 
(205) 
(Me 1 0).BF,-
+ 
(188) ( 1 56) 
Scheme IV- 10 
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On monitoring this reaction by t.l .c. ,it was found that a 
small quantity of the B-methoxy-2,5-piperazinedione (188) was 
present throughout the reaction, but as the alcohol (205) was con-
sumed,the amount of methylxanthoroccellin (156) increased proportion-
ately. Thus,the B-methoxy-2,5-piperazinedione (188) could be the 
intermediate between the alcohol (205) and methylxanthoroccellin 
(156), presumably via the formation of a mixed oxonium salt (207). 
Such a salt would readily eliminate dimethyl ether to give methyl-
xanthoroccellin (156). 
©- 0 
(207) 
As only one diastereomeric B-methoxy-2,5-piperazinedione (188) 
was obtained in this reaction (implying that inversion had not 
occurred), this compound (188) was tentatively assigned the erythro 
configuration (vi de infra). 
The treatment of p-tosylhyrazones (208) of conjugated (olefinic 
or aromatic) carbonyl cqmpounds with potassium carbonate in refluxing 
methanol 202 has been shown to yield the corresponding methyl 
ethers (209) (Scheme IV-1 1 ). 
N-NH-Ts [Qr MeOH 
OM• 
if 
(208) (209) 
Scheme IV-11 
109 
However,treating the p-tosylhydrazone (210) derived from the 
ketone (203) in this way resulted in the rapid formation of methyl-
xanthoroccellin (156) (Scheme IV-12). 
l21 O} 
(203) 
K 1 COJ/MeOH 
A 
(_ 1 56) 
Scheme IV-1 2 
In retrospect, it seems clear that the normal Bamford-Stevens 
reaction provides a more favourable pathway in this case. Thus,the 
weak bases normally used to form these ethers are sufficient to 
remove the more acidic a-proton in the 2,5-piperazinedione (210) 
g1v1ng the expected Bamford-Stevens product (156) . 
l l 0 
A consideration of degradatfve reactions of 3-benzylidene and 
3-alkylidene-2,5-piperazinediones by hydroxide ion (see section I-8.4) 
led us to utilize a Michael addition approach to the S-methoxy-2,5-
piperazinediones (187) and (188). We reasoned that the use of 
methoxide ion instead of hydroxide ion should result in the formation 
of the S- me thoxy-2,5-piperazinediones (187) and (188). 
Using this approach, the required S-methoxy-2,5-piperazine-
diones (187) and (188) were formed inc. 40% yield (Scheme IV-13). 
An additional product, isomeric with the starting material (156), has 
been assigned the structure (211) based on its spectral properties. 
( 187) 
( l 56) 
MeO-/MeOH 
6. 
+ 
Scheme IV- 13 
· ( 188) 
In particular the 1H n.m.r. of (211) displayed two 1/- methyl 
resonances at 2.96, 3.54 and a singlet (lH) at 6.38 ppm which is 
consistent with the presence of an E trisubstituted olefin 1 0 4 • 
l l l 
Treating compounds (187) and (188) with either sodium 
methoxide or potassium carbonate in methanol, demonstrated that the 
product (211) was formed by the elimination of methanol and the 
establishment of an equilibrium between all four compounds (156), 
(211), (187) and (188). Not only did this reaction demonstrate the 
feasibility of trapping the Michael addition product, but in so 
doing,the desired s-methoxy-2,5-piperazinediones (187) and (188) 
could be obtained in one step from methylxanthoroccellin (156) 
with a twenty fold increase in overall yield. 
Since larger quantities of (187) and (188) were available the 
separation of these compounds was attempted. Fractional recrystall-
ization proved to be the most satisfactory method since these 
diastereomers could not be differentiated by t.l .c., although a 
number of solvent systems were tested. 
Slow recrystallization of each diastereomer resulted in the 
formation of racemic mixtures. However,individual crystals of each 
diastereomer were shown to be optically active by O.R.O. This 
spontaneous resolution allowed the direct comparison of melting 
points of these two diastereomers ((187) and (188)) and methylanhydro -
picroroccellin derived from the natural product. Both of the 
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S-methoxy-2,5-piperazinediones (187) and (188) had higher melting 
points (7° and 16° respectively) than methylanhydropicroroccellin. 
The configurations of the B-methoxy-2,5-piperazinediones 
(187) and (188) were established by X-ray analyses. The most 
interesting feature of these X-ray analyses was the fact that only 
one of the two diastereomers, the erythro-isomer (188) (Figure IV-6), 
displayed a preference for the F rotamer. In the threo-isomer (187) 
(Figure IV-7) the EN rotamer was preferred over the For E0 
rotamers. 
A comparison of the 1H n.m.r. spectra of these two diastere-
omers revealed that these rotameric states were also preferred in 
solution (Figures IV-8 and IV-9). In particular,the upfield shift 
of the N-methyl groups in the 1H n.m.r. spectrum of the threo -
isomer (187) is indicative of the EN rotamer (see section I-6). 
IV-4 SYNTHESIS OF THE 3-METHOXY-2,5-PIPERAZINEDIONE (174) 
The synthesis of the 3-methoxy-2,5-piperazinedione (174) was 
attempted in conjunction with the above syntheses of (187) and 
(188). Thus,treatment of methylxanthoroccellin (156) with N-
chlorosuccinimide in methanol gave the expected chloromethoxy 
compound (212) (Scheme IV-14). 
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Figure IV-6 
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( l 56) (212) 
( 174) 
Scheme IV-1 4 
Similarly, treating (156) with N-bromosuccinimide 1n methanol 
gave the expected bromomethoxy compound (213). In each case only 
one diastereomer was formed, and these appeared to have identical 
configurations as indicated by the 1H n.m.r. spectra. 
(213) 
8 
1 1 7 
Hydrogenolysis of the carbon-halogen bond in compounds (212) 
and (213) gave the desired 3-methoxy-2,5-piperazinedione (174) 
(Scheme IV-14) in good yield. The 1H n.m.r. spectrum of (174) 
(Figure IV-10) was consistent with the folded conformation of the 
compound. 
z 
-u.. 
LU 
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The 3-methoxy-2,5-piperazinedione (174) was also submitted 
for X-ray analysis since this compound had a m.p. 40° above that 
reported for methylanhydropicroroccellin and the individual 
crystals did not exhibit optical activity. It was considered that 
a racemic compound must have been formed 1n the crystalline state 
(e.g. as with (±)- cis -cyclo (MePhe-MePhe) section III-1.3) and thus 
gave rise to a m.p . higher than that of the optically pure enanti-
omers. 
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Subsequently,the X-ray analysis (Figure IV-11) confirmed that 
(174) was a racemic compound so it is possible that compound (174) 
might be identical with methylanhydropicroroccellin, despite the 
discrepancy in melting points. 
IV-5 REACTIONS OF a - AND S-HYDROXY-2,5-PIPERAZINEDIONES (202) AND 
(205) 
Methylation of the alcohol (202), using the procedure employed 
by Forster and Saville to methylate picroroccellin gave the 
expected product (174) 1n good yield (Scheme IV-15). 
(202) (174) 
Scheme IV-15 
This contrasted with the low yield obtained on methylation of 
the corresponding S-hydroxy-2,5-piperazinedione (205) (section IV-9) 
and provided further evidence for the fact that the oxygen functions 1n 
picroroccellin are located at the C3 and C6 positions of the 2,5-
piperazinedione ring. 
Further,when picroroccellin was heated to 180°15 , water was 
eliminated and anhydropicroroccellin formed. Similarly,the a -
hydroxy-2,5-piperazinedione (202) readily eliminated water on heating 
at 180° to give methylxanthoroccellin (156), but the S-hydroxy-2,5-
piperazinedione (205) rema ined unchanged. 
-..J 
-..J 
~ 
Cs 
Figure IV-11 Molecular structure of compound (174) 
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IV-6 REACTIONS OF THE a - AND B-METHOXY-2,5-PIPERAZINEDIONES (174), 
( 1 8 7) AND ( 1 88) 
When the methyl ether (187) was treated with a catalytic 
amount of hydrochloric acid in refluxing acetic acid,no reaction 
occurred and (187) could be recovered quantitatively, even after a 
period of several hours (Scheme IV-16). 
H"/AcOH 
NO REACTION 
A 
( 187) 
Scheme IV-16 
Similar treatment of the other diastereomer (188), also 
resulted 1n a quantitative recovery of this compound. In contrast, 
treating the corresponding 3-methoxy-2,5-piperazinedione (174) ,n 
the same manner, gave methylxanthoroccellin (156) and a small 
amount of (211) after only 15 minutes at reflux (Scheme IV-1?). 
W/AcOH 
t,. 
(174) ( l 56) 
Scheme IV- 1? 
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Thus,the 3-methoxy-2,5-piperazinedione (174) reacted just as 
methylanhydropicroroccellin would be expected to react 1 5 (section 
II-1). 
While the 3-hydroxy-2,5-piperazinedione (202) readily elimina-
ted water at 180° (section IV-5), the 3-methoxy-2,5-piperazinedione 
(174) was thermally stable at this temperature, but at 220° (172) 
eli minated methanol to form methylxanthoroccellin (156) (Scheme 
IV- 18 ). This behaviour entirely parallels that reported for picro-
roccellin (section II-1) and thus is consistent with the oxygen 
functions being located at the 3,6 positions of the 2,5-piperazine-
dione ring. 
220 1 
( 174) (156} 
Scheme IV- 18 
IV-7 SYNTHESIS AND REACTIONS OF THE 2,3,5-PIPERAZINETRIONES (214), 
( 21 5 ) AN D ( 21 6 ) 
The 2,3,5-piperazinetriones (214 ) , (215) and (216) were 
prepared by ozonolysis of the corresponding 3-benzylidene-2,5-
pi perazinediones (1 88), (187) and (174) res pectively. 
(214) (21 5) (216 ) 
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The melting points of these three racem1c compounds were all 
significantly lower than that reported by Forster and Saville for 
the optically active triketo-derivative,obtained from methylanhydro-
picroroccellin. 
Hydrolysis of all three compounds (214), (215) and (216) gave 
phenylpyruvic acid (162). No additional information regarding the 
position of the oxygen functions in picroroccellin was obtained from 
these compounds. 
0 0 
II II 
~CH,-C-C-OH 
(162) 
IV-8 SYNTHESIS OF DIMETHYLPICROROCCELLIN 
Subsequently,we decided to synthesize dimethylpicroroccellin 
(170) since the reported lack of optical activity was only consistent 
with the trans-isomer (170) (see section II-2). 
Dimethylpicroroccellin (170) was successfully prepared from the 
intermediate (218) obtained (as a mixture of diastereomers) via 
two routes. The first route involved the chlorination of methyl-
xanthoroccellin (156) and subsequent displacement of. chloride ions 
from (217) by methanol, while in the second route, methylxantho-
roccellin (156) was treated directly with 7-chlorosuccinimide in 
methanol (Scheme IV- 19 ). 
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NCS/MeOH 
Scheme IV-19 
(217) 
N 
Me/ 
M •OH/ fl. 
/Me 
N 
(218) 
Subsequent hydrogenolysis of the carbon-chlorine bonds of 
(218) gave a mixture of the 3,6-dimethoxy-2,5-piperazinediones (170) 
and ( 219) (Scheme IV- 20). 
The 1H n.m.r. spectrum of the crude reaction mixture showed 
that it contained less than 5% of the trans -isomer (170). However 
chromatography of this mixture on silica gel gave predominately 
the trans -isomer, suggesting that the cis-isomer was being converted 
to the trans -isomer by an acid catalysed isomerisation. This was 
confirmed by treating the crude reaction mixture with refluxing 
methanol containing a catalytic amount of hydrochloric acid whereupon 
the tran -isomer (170) was obtained in high yield (Scheme IV- 21 ). 
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(218) 
+ 
( 170) (219) 
Scheme IY-20 
The above results indicated that the trans-isomer was of 
greater thermodynamic stability than the cis-isomer. 
H'/ MeOH 
(21S) ( l 70) 
Scheme IV- 21 
The two diastereomers were readily distinguishable by their 
1H t n.m.r. spec ra. The trans-isomer displayed an a-methyl singlet 
at l .9 ppm (Figure IV-12) while the cis -isomer displayed this 
8 
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resonance at 3.1 ppm. The chemical shifts of the benzylic protons 
in the cis-(2.6 ppm) and t rans -isomers (3.2 ppm) were also consistent 
with the above assignments. These differences in chemical shifts 
between the two isomers result from shielding of protons c~s-
disposed to the aromatic side chain. The chemical shift differences 
of the O- methyl groups in the two isomers (l.2 ppm) is comparable 
to the observed upfield shift of the cis-disposed glycyl proton 1n 
2,5-piperazinediones derived from phenylalananine, tyrosine and 
others (see section I-6). 
NMe OMe 
1 H n.m.r. of 
7 6 5 4 3 2 1 ppm ( o) 0 
Figure IV-12 
The melting point (229-230°) of the pure t r ans-isomer (170) 
was in good agreement with that reported by Forster and Saville 
for dimethylpicroroccellin (m.p. 229°). Hence,this evidence 
established that the oxygen functions of picroroccellin must occupy 
the 3,6 positions of the 2,5-piperazinedione ring and that di methyl-
picroroccellin has the t rans-geometry (170). 
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IV-9 REACTIONS OF DIMETHYLPICROROCCELLIN 
As with methylanhydropicroroccellin (174), dimethylpicro-
roccellin (170) readily eliminated methanol when treated with 
refluxing acetic acid containing a catalytic amount of hydrochloric 
acid (Scheme IV- 22) . 
H• /Ac OH 
A 
( 170) ( 1 56) 
Ht/ A 
( 184) 
Scheme IV-22 
Furthermore,reduction of (170) with HI at 140° gave (±)-cis-
cyclo(MePhe-MePhe) (184). Both of these reactions are consistent 
with those reported for naturally derived dimethylpicroroccellin. 
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. CHAPTER 5 
SYNTHETIC APPROACHES TO PICROROCCELLIN 
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V-1 INTRODUCTION 
It is clear from the previous chapter that the proposed 
structure for picroroccellin should be revised to (169). 
Substitution on nitrogens may be reversed. 
( 169) 
The rema1n1ng uncertainties which had to be resolved before 
the total synthesis of picroroccellin could be attempted were 
firstly, the relative position of the 0-methyl and N-methyl groups 
in this molecule and secondly,the absolute configuration of the two 
chiral centres. Approaches to these problems and to the synthesis 
of picroroccellin are discussed below. 
The synthesis of anhydropicroroccellin was undertaken to 
establish the relative positions of the 0-methyl and N-methyl groups. 
This molecule was chosen since, as with methylanhydropicroroccellin, 
the cis/trans geometry possible for the natural product was elimina-
ted and this molecule could also be used as an intermediate in the 
synthesis of picroroccellin itself. 
V-2 APPROACHES TO THE SYNTHESIS OF ANHYDROPICROROCCELLIN 
Earlier we deduced that the 0-methy l and N-methyl groups 1n 
picroroccellin were probably adjacent to one another (section II-2.2 ) . 
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This would account for the fact that picroroccellin eliminated 
water much more readily than methanol in the presence of aqueous 
sodium hydroxide. However,ammonia was also liberated during this 
reaction and Forster and Saville 15 had to purify the crude reaction 
product by trituration with a solution of sodium carbonate. These 
results can be explained by a competing reaction as outlined 1n 
Scheme V- 1 . 
( 169) 
-oH 
NH,t + 
Scheme V- 1 
Accordingly,the synthesis of the l-methyl-3-benzylidene-6-
methoxy-2,5-piperazinedione (173) was undertaken. 
(.173) 
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The first approach centred around the synthesis of the 
l-acetyl-3-methoxy-4-methyl-2,5-piperazinedione (218). 
(218) 
Retrosynthetic analysis suggested that (218) could be derived 
from the l-acetyl-3-benzylidene-2,5-piperazinedione (220). 
Ac FGI 
> 
0 
(219) 
(218) 
FGI 
·( 220) 
Although Gallina and Liberatori 94 ' 9 5 have prepared (220) by 
condensing the diacetyl derivative of cycZa (Gly-Gly) (180), with 
benzaldehyde in dimethylformamide using potassium t-butoxide as the 
base, we have found that triethylamine is equally effective 
1 31 
(Scheme V- 2) . Furthermo re ,the latte r method was preferable as 
strictly anhydrous conditions were not required . 
CHO 
+ © 
( 180) 
Et, N 
(220 ) 
+ 
(219} (221) 
Scheme V- 2 
Subsequent methylation using methyl iodide and potassium 
carbonate in di methylformamide gave the desired product (219) 
together with a small amount of the corresponding i mino- ether (221) 
(Scheme V- 2). These products were separated by column chromato-
graphy . 
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Treatment of (219) with N-bromosuccinimide 1n methanol gave 
the l-acetyl-3-methoxy-2,5-piperazinedione (222) which was 
subsequently reduced to the desired product (218), using hydrogen 
over pal ladized charcoal (Scheme V-3). 
NBS/MeOH 
(219) 
Scheme V-3 
(222) 
Pd/C/H 1 
Et,N/EtAc 
(218) 
The non-equivalence of the glycyl protons (section I-6) in 
the 1H n.m.r. spectra of both (218) and (222) clearly indicated 
the predominance of the F rotamer in these derivatives. 
Attempted condensation of the l-acyl-3-methoxy-2,5-piperazine-
dione (218) with benzaldehyde using triethylamine or lithi um 
diisopropylamide (LOA) were unsuccessful and in each case only start-
ing material could be recovered. In retrospect,few examp les exist 
where N-methyl-2,5-piperazinediones have been condensed with 
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aldehydes and ketones; the usual procedures utilize the l ,4-
diacetates. A similar result has been reported by Martin et az. 20 0 
who found that compound (223) could not be condensed with benzalde-
hyde in the presence of sodium acetate in refluxing acetic anhy-
dride, although (224) condensed smoothly to give the corresponding 
3-benzylidene derivative (225) (Sch eme V- 4 ). 
CHO ©(j" + (QJ 
I I 
R 
(223) R = Ac, R' = Me 
(224) R = Me, R' - Ac 
Scheme V-4 
A 
©(}:© 
I o 
Ac 
(225) 
It could be argued that the N-acetyl group of compound (224) 
increased the acidity of the glycyl hydrogens more than the N-
acetyl group did in (223), and that this increased acidity is the 
do minant factor in this condensation. Hence,we attempted to 
synthesize the 1 ,4-diacetyl-3-methoxy-2,5-piperazinedione (226). 
(226) 
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In contrast to the behaviour of (219),the reaction of 
1-acetyl-3-benzylidene-2,5-piperazinedione (220) with 1-bromosuccin-
imide in methanol gave a mixture of the two diastereomeric 3-methoxy-
2,5-piperazinediones (227) and (228) (Scheme V-5). 
(220} 
NBS/ Me OH 
+ 
(227) (228) 
Scheme V- 5 
The two diastereomers were separated by fractional recrystall-
ization. The 1H n.m.r. spectrum of the minor isomer (228) 
(Figure V-1) was compatible with the F rotamer, while that of the 
major isomer (227) (Figure V-2) favoured the E rotamer. In 
particular the singlet methylene resonance at 4.47 ppm excludes the 
F rotamer, and the H resonance at 6.02 ppm (instead of the normal 
7-8 ppm, with 6.86 ppm in the minor isomer (228)) 1s indicative of 
the E rotamer (cf compound (21), section 1-6). 
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The minor and maJor isomers (228) and (227) have been tenta-
tively assigned the erythro and threo configurations,respectively, 
on the basis of their 1 H n.m.r. spectra109 (section I-8.2). 
Why the compound (220) should form a mixture of diastereomers 
1n this reaction remains unclear (cf the formation of only one 
diastereomer from (219)). Thus, although at first it would appear 
that the intermediacy of the acylimine (229) might account for the 
formation of (227) and (228), Machin and Sammes 109 have reacted the 
related acylimine (230) with methanol and obtained the single 
diastereomeric chloro-ether (231). 
/Me 
I N N'/ 
0 
(229) (230) ( 231) 
Subsequent hydrogenolysis of the carbon-bromine bond in 
either (227) or (228) gave the desired 1-acetyl-3-methoxy-2,5-
piperazinedione (232) (Scheme V-6) . 
On attempted acetylation of (232) using refluxing acetic 
anhydride the elimination product 1-acetyl-3-benzylidene-2,5-
piperazinedione (220) (Scheme V-6) was obtained. This elimination 
of methanol from (232) parallels the reaction of dimethylpicro-
roccellin, when treated with refluxing acetic anhydride (section II-1). 
Subsequently,a short and efficient synthesis of (173) was 
developed from xanthoroccellin (148). The regioselective addition 
of methyl hypochlorite (N-chlorosuccinimide in methanol) to 
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(232) 
Ac rO 
(220) 
Scheme V-6 
xanthoroccellin (148) gave the l-methyl-3-benzylidene-6-methoxy-
2,5-piperazinedione (233) in good yield (Scheme V-?). 
It was evident from the 1H n.m.r. spectrum of (233) (Figure 
V.3) that the addition of methyl hypochlorite had occurred at the 
benzylidene group adjacent to the N-methyl group. If addition had 
occurred at the alternative double bond, the N-methyl group would 
be expected to resonate close to 3 ppm (cf compound -(174)). 
Hydrogenolysis of (233) over palladized charcoal gave the 
l-methyl-6-methoxy-2,5-piperazinedione (173) in good yield 
(Scheme V- ?). Although the 1H n.m.r. spectrum was consistent with 
structure (173), the m.p. was higher than that reported for the 
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NCS/MeOH 
(233) 
( 148) 
Et,N/EtAc 
( 173) 
Scheme V-? 
naturally derived anhydropicroroccellin indicating that a racem1c 
compound had been formed. Individual crystals were found to be 
optically inactive. Efforts will be made to separate the two 
enantiomers of (173) by using a chiral g.l.c. column once this 
becomes available so that ultimately,the m.p. and [a ] 0 values of 
the pure enantiomers can be compared directly with those reported 
for the natural derivative and so establish the relative positions 
of the 0 - and N-me thyl groups in picroroccellin. 
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Figure V-3 
The l-methyl-3-benzylidene-2,5-piperazinedione (173) did not 
eliminate methanol at 180°, although it did decompose to xantho-
roccel 1 in ( 148) at 220° (Scheme V-8). 
220• 
(173) ( 148) 
Scheme V- 8 
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V-3 APPROACHES TO THE SYNTHESIS OF PICROROCCELLIN 
If the 0- and N-methyl groups in picroroccellin are shown to 
be adjacent,then (173) may be used as an intermediate in the 
synthesis of picroroccellin. However,the two enantiomers of (173) 
would have to be resolved at some point during such a synthesis. 
In an effort to develop a stereoselective synthesis of picro-
roccellin we investigated the reactions of the (±)-1-acetyl-3-
benzylidene-6-benzyl-2,5-piperazinedione (234), which has previously 
been synthesised in an optically active form 107 • 
(234) 
The compound (234) was synthesised in two ways. The first 
involved the reduction of the 3,6-bisbenzylidene-2,5-piperazinedione 
(72) using zinc in acetic acid, followed by acetylation of (105) 
with refluxing acetic anhydride (Scheme V-9). 
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Zn/Ac OH 
(72) 
Scheme V-9 
(234) 
Ac 2 0 
A 
A second route to the compound (234) involved the treatment 
of a cis/tra:ns mixture of l ,4-diacetyl-dibenzyl-2,5-piperazine-
diones (25) and (26) with elemental sulfur, as described by Sammes 
et al. 92 (Scheme V-10) (cf Scheme I - 38) . 
The intermediates (25) and (26) were separated by column 
chromatography and the minor trans -isomer was found to have a m.p. 
193° (cf literature 8 2 m.p. 149 ° , section I-7.3). rn · fact,this 
literature m.p. corresponded to that reported for a mixture of the 
cis -and tra:ns -isomers 92 (m.p. 145-151°) while the corrected m.p. of 
the trans -isome r (26) corresponded to that of the 11 unknown 11 compound 
isolated after treatment of the (±) -cis -isomer (25) with potassium 
pennanganate92 • This 11 unknown 11 compound mus t therefore be t he 
trans -isomer (26). 
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( 183) 
+ 
©-·· .. a 
(2 5) (26) 
S /Et,N/DMF 
(234) 
Scheme V- 10 
Sammes e t a l . 92 did not explain why only the 3-benzyl i dene-
2, 5-pi perazi nedi one (105) (formed after removal of the N-acetate 
moiety, see section I-10.4) and not the 3,6-bisbenzylidene-2,5-
piperazinedione (72) was formed in this reaction. Perhaps the 
removal of the 3-acetyl group reduces the acidity of the rema1n1ng 
a-hydrogen and so renders this compound inert to f urther reac t ion. 
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Subsequent methylation of (234) with methyl iodide and 
potassium carbonate as base, gave a mixture of (235) and (236) 
(Scheme V-11) . 
(234) 
+ 
( 2 35) (236) 
Scheme V-11 
Treatment of the l-acetyl-3-benzylidene-6-benzyl-4-methyl-2,5-
piperazinedione (235) with N-bromosuccinimide in methanol gave two 
diastereomeric bromo-ethers (237) and (238) (Scheme V-12). 
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/Me 
Ac/Nyl-0) 
(235} 
NBS/MeOH 
+ 
(238) 
El 1 N /Et Ac Et,N/ Et A, 
(239) (240) 
- Scheme V-12 
After separation of (237) and (238) by column chromatography 
and subsequent hydrogenolysis of the carbon-bromine bonds,the methyl-
ethers (239) and (240) ~\/ere obtained (Scheme V- 12). As with (237) 
and (238), the 1-acetyl-6-benzyl-3-methoxy-4-methyl-2,5-piperazine-
diones (239) and (240) were readily distinguished by their respective 
1H n.m.r. spectra (Figures V-4 and V-5). 
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1H n.m.r. of 
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ppm ( 6) 
Figure V-4 
NMe 
1H n.m.r. of 
METHYLENE 
METH INE 
8 7 6 5 4 3 2 1 0 
ppm ( c5 ) 
Figure V-5 
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In particular, the high field doublet due to the benzylic 
protons in the cis-isomer (240) (1.8 ppm as compared to 3. l ppm 1n 
(239)) and the high field a-methyl singlet resonance (2.1 ppm) 
in the trans -isomer (239) (cf with 1H n.m.r. spectrum of dimethyl-
picroroccellin (170) section IV-8) were indicative of these two 
structures. 
Since this route proved feasible when using the (±)-l-acetyl-
3-benzylidene-6-benzyl-2,5-piperazinedione (234),we anticipated 
that if an enantiomer of (234) were used then optically active 
diastereomers corresponding to (239) and (240) would result. These 
derivatives could then be used as intermediates in the synthesis of 
picroroccellin, if it were possible for an alcohol function to be 
introduced at the CG position. It was envisaged that such a function-
ality might be introduced via autoxidation as outlined in the 
subsequent section. 
V-4 BIOMIMET.IC APPROACHES TO THE SYNTHE.SIS OF PICROROCCELLTN 
Hausler and Schmidt89 ' 90 have suggested that naturally 
occurring a-oxygenated-2,5-piperazinediones are derived from simple 
2,5-piperazinediones by autoxidation (section I-7.5). Our studies 
of such reactions have resulted in the formation of 2,3,5-piperazine-
triones rather than the expected a-hydroperoxides. 
Thus,when a solution of the cis-3,6-dibenzyl-l ,4-dimethyl-
2,5-piperazinedione (184) and benzophenone was irradiated under a 
U.V. lamp (or exposed to sunlight) for four weeks, the 2,3,5-
piperazinetrione (242) was obtained in high yield (Scheme V- 1.3) , 
presumably vi the corresponding hydroperoxide (241). 
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hv 
( 241) 
(184 l 
(242} 
Scheme V-13 
Benzoic acid was also isolated from this reaction and although 
the crude reaction mixture gave a positive starch-iodide test, no 
hydroperoxides were isolated. Autoxidation of the trans-3,6-
dibenzyl-l ,4-dimethyl-2,5-piperazinedione (178) also gave (242), as 
did similar treatment of the 3-benzylidene-6-benzyl-1 ,4-dimethyl-
piperazinedione (185), a possible intermediate in this reaction. 
(178) (185) 
/AC 
(26) ( 2 5) 
f 
I 
i 
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The cis-and trans -3,6-dibenzyl-l,4-diacetyl-2,5-piperazine-
diones (25) and (26) were completely inert under these reaction 
conditions. 
These results are of interest since 2,3,5-piperazinetriones 
are sometimes found to co-occur with the related saturated 2,5-
piperazinediones as well as with the related 3-alkylidene-2,5-
piperazinediones114-116. 
If the hydroperoxide (241} can be isolated by a modification 
of the above reaction conditions 89 ' 90 then this approach could be 
used to introduce the alcohol function into compounds (239) and 
(240) (by de-acetylation and autoxidation) and so possibly complete 
the synthesis of the natural product. 
V-5 CONCLUSION 
This study has established several important features of the 
structure of picroroccellin and its derivatives. Firstly,we have 
shown that the oxygen functions of this natural product are located 
at the 3,6 positions of the 2,5-piperazinedione ring instead of the 
S-carbons (of the respective amino acids) as had previously been 
accepted. 
Hence the structure (8) for picroroccellin should be revised 
to the alternative structure (169) proposed in chapter 2. 
Substitution on nitrogens may be reversed. 
(169) 
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Secondly, a synthesis of dimethylpicroroccellin (170) has 
been achieved and we have established the trans -geometry for this 
compound. 
(170) 
However,the relative positions of the 0-and N-methyl groups 
1n picroroccellin have yet to be established although it appears 
likely that they are adjacent to each other. 
The absolute (and hence relative) configurations at the two 
chiral centres of this natural product have also to be determined 
and this remains a necessary prerequisite before a total synthesis 
of picroroccellin could be accomplished. 
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EXPERIMENTAL 
~'' 
l 51 
GENERAL 
All melting points were determined on a Gallenkamp melting 
point apparatus, and are uncorrected. Microanalyses were performed 
by the Australian National University Microanalytical Service. 
1H n.m.r. spectra were recorded on a Varian CFT-20 (80 MHz, 
Fourrier mode), a Jeol JNM-MH-100 (100 MHz, continuous wave), or 
an EMI 360 (60 MHz, continuous wave) n.m.r. spectrometer. 
Fourrier Transform 13 C n.m.r. spectra were recorded on a Varian 
C FT - 2 0 ( 2 0 . 0 0 MHz ) or a Br Uc k er H F X- 2 7 0 ( 6 7 . 8 9 MH z ) n . m . r . 
spectrometer. 1H and 13 C n.m.r. spectra were obtained using solutions 
1n 5 mm and 10 mm tubes respectively, with tetramethylsilane (TMS) 
as internal standard. All chemical shifts are expressed in parts 
per million (ppm) downfield from TMS (o scale). The multiplicity 
patterns are designated ass (singlet), d (doublet), t (triplet), 
q (quartet), m (multiplet) and br (broad). Low resolution mass 
spectra were recorded on either a Varian MAT CH7 or an A.E.I. 
MS902 mass spectrometer. The latter instrument was used for high 
resolution mass measurements. Merck silica gel (70-230 mesh ASTM) 
was employed in column chromatography. Where necessary solvents 
were dried and purified according to the procedures described by 
Perrin et al . 203 • Unless otherwise stated, all organic extracts 
were dried over magnesium sulfate, and solvents removed 
(c. 17 mm Hg) on a rotary evaporator. Unless other\'-lise specified, 
unreferenced reagents were obtained commercially and used as 
su pplied. 
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GUIDE: The following (3) lists are compiled in order of compound 
number, within each of the e~perimental chapters. The 
page numbers, given for each compound, reference all the 
procedures which yield that compound. 
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(221) 183 (239) 196 
(222) 185 (240) 197 
(227) 186 (242) 197 
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l 55 
l ,4-Diacetyl-2,5-piperazinedione (180} 
A suspension of glycine 
anhydride (ll.4 g) 1n acetic 
anhydride was refluxed for 6 hours. 
The solvent was removed and the 
oil which crystallized on s:tandi_ng wa~ recrystallized from ethJl 
acetate/light petroleum to give the product (180) (18. l g, 91 %), 
as colourless needles, 
m.p. 99.5-100.5° (Lit 204 102°). 
(Z)-3,6-Bis(phenylmethylene)-2,5-piperazinedione (72) 
A mixture of l,4-diacetyl-
2,5-piperazinedione (180) 
(19.8 g), benzaldehyde (25 g), 
triethylamine (40 ml) 1n 
dimethylformamide (10 ml) was heated at reflux for 5 hours. The 
reaction mixture was cooled to room temperature, the solid crushed 
with a spatula and the reaction mixture heated at reflux overnight. 
The reaction mixture was then cooled to room temperature, ethyl 
acetate (100 ml) was added, the pale yellow, crystalline product 
(72) (27.0 g, 93%) was filtered and washed with more ethyl acetate. 
m.p. 297-299° (Lit 112 298-300°) 
(Z)-l,4-Dimethyl-3,6-bis(phenylmethylene)-2,5-pipera~inedione (156) 
Dimethyl sulfate (49 ml) and 10% aqueous sodium hydroxide 
(400 ml) were added dropwise simultaneously to a mixture of (72) (14.5 g) 
in ethanol (100 ml) and 10% aqueous sodium hydro.xide (100 ml). After 
the addition of the dimethyl sulfate was completed the reaction 
mixture was stirred at room temperature for an additional 3 hours. 
i 
156 
The yellow solid was filtered, washed with water and air dried. 
Column chromatography (silica gel) using 20% ethyl acetate/light 
petroleum as eluent gave three products. Recrystallization of the 
first product (182) (highest RF value) from ethyl acetate/light 
petroleum gave (Z)-3,6-dimethyl-2,5-dihydro-2,5-bis(phenylmethylene)-
pyrazine ( l 82) ( 1 30 mg , 1 % ) as 
yellow needles, 
m.p. > 300° 
( Found: C, 7 5. 2 ; H , 5. 8; N , 8. 9 · 
1 H n . m . r . , 6 0 MH z ( C DC l 3 ) : o 4 . 0 5 ( 3 H , s , 0 Me ) , 7 . 0 0 ( l H , s , 
olefinic protons), 7.42 (3H, m, aromatic protons), 8.25 
(2H, m, aromatic protons). 
13 C-{ 1 H} n.m.r., 20 MHz (CDC1 3 ): o 54.l (0Me carbons), 122.8 
(olefinic carbons), 128.0 / 128.2 / 128.3 / 130.2 / 131.4 / 
136.0 (C 3 , C6 and aromatic carbons), 158.7 (C 2 , C5 ). 
Mass spectrum: m/z 319 (22%), 318 (M~, 100), 317 (3), 303 (6), 
287 (9), 159 (4), 144 (9), 116 (8), 89 (3). 
Recrystallization of the second product from ethyl acetate/light 
petroleum gave {Z)-3,6-bis(phenyl-
methylene) -3,6-dihydro-5-methoxy-
2(1H) - pyrazinenone (181) (1.64 g, 
10%) as pale yellow crystals, 
m.p. 118-119° 
(Found: C, 75.5; H, 5.8; N, 8.9. C20 H18 N2 02 requires C, 75.5; 
H , 5 . 7 ; N , 8. 8%) . 
1H n.m.r., 60 MHz (CDC1 3 ): o 3.05 (3H, s, NMe), 4.11 (3H, s, 0Me), 
7.00 (lH, s, Ha), 7.40 (9H, m, Hb and aromatic protons), 
8.22 (2H, m, aromatic protons). 
157 
13 C-{ 1H} n.m.r., 20 MHz (CD(l3).: o 36.l (NMe carbon), 54.4 (_QMe 
carbon), 115 (Ca), 127.0 / 127.4 / 127.7 / 127.9 / 128.l / 
128.2 / 128.6 / 729.3 / 131.5 / 134.6 / 135.3 (C3 / c6 / C7 
and aromatic carbons), 156.2 (Cs), 162.3 (C2). 
Mas s s p e ctr um : m/ z 31 9 ( 21 % ) , 31 8 ( M: , l O O ) , 31 7 ( 6 ) , 2 8 9 ( 6 ) , 
131 (5), 130 (3), 116 (16)., 91 (4), 89 (5). 
Recrystallization of the third product (lowest RF value) gave the 
desired product (156) (12.67 g, 80%) 
as colourless needles, 
m.p. 142-143° (Lit 1 s 143°) 
iH n.m. r., l O O MH z ( C DC l 3 ) : o 3.00 
(3H, s, NMe), 7.32 (lH, s, olefinic protons), 7.42 (5H, s, 
aromatic protons). 
13 C-{ 1H} n.m.r., 20 MHz (CDCl3): o 35.2 (NMe carbons), 121.7 
(olefinic carbons), 128.3 / 128.5 / 129.4 / 131 .3 / 133.5 
(C3, (5 and aromatic carbons), 162.2 (C2, Cs). 
Mass spectrum: m/z 319 (23%), 318 (M~, 100), 317 (13), 289 (15), 
131 (55), 116 (75), 91 (15), 89 (17). 
l-Methyl-3,6-bis(phenylmethylene)-2,5-piperazinedione (148) 
To a suspension of 3,6-bisbenzylidene-2,5-piperazinedione (72) 
(14.5 g) in al :l mixture of 10% aq. sodium hydroxide and absolute 
ethanol ( 200 ml) was added d ropwi se 
dimethylsulfate (15.6 ml). The 
reaction mixture was stirred for a 
further 3 hours at room temperature, 
and the methylxanthoroccellin (156) (4 .0 g, 25%) filtered. The 
filtrate was acidified with 6N hydrochloric acid and the flocculent fawn 
precipitate filtered and dried at the pump. Recrystallization from 
158 
ethyl acetate/light petroleum gave the product (148) as very pale 
yellow needles (7.6 g, 50%). 
m.p. 183-184° (Lit 15 184°). 
1 H n . m . r . , l O O MH z ( C DC l 3 ) : o 3 . 0 0 ( 3 H , s , NM e. )_ , 7 . 0 6 ( l H , s , 
olefinic proton), 7.32 (llH, m, olefinic and aromatic protons). 
Mass spectrum: m/z 305 (25%), 304 (M'., 100), 303 (17), 275 (8), 
132 (30), 131 (25), 130 (14), 108 (6), 107 (31), 106 (60), 
102 (5), 91 (21), 90 (22), 89 (23), 77 (5), 65 (3), 63 (5). 
3,6-Gis(phenylmethyl)-2,5-piperazinedione (183) 
L-Phenylalanine (10 g) was 
heated in refluxing ethylene glycol Q 
(20 ml) for 24 hours. The mixture 
was cooled to room temperature, the 
H/ 
N 
0 
/ H 
N 
0 0 
product filtered, washed with methanol and ether, and dried (7.1 g, 
80%). 1H n.m.r. analysis showed that both the cis-and trans-
isomers of (183) were present (c. 3:1*), 
m.p. 301-303° (Lit 112 311-312°, LL cis isomer) 
Methylation of 3,6-bis(phenylmethyl)-2,5-piperazinedione (183) 
A mixture of the 3,6-bis(phenylmethyl)-2,5-piperazinedione 
(183) (3.6 g), sodium hydride (1.1 g of 50% w/w oil dispersion) and 
dimethylformamide (20 ml) was stirred at room temperature for 15 
minutes. The reaction mixture was cooled to 0° and ~ethyl iodide 
(8 ml) added dropwise. The solution was allowed to warm to room 
temperature , diluted with water and extracted with dichloromethane. 
The organic phase was washed with water and dried. Column chromato-
graphy of the crude reaction product (silica gel, using 40% ethyl 
acetate/light petroleum as eluent) gave two products. 
* 
By integration of methine resonances at 4. 46 (cis) and 3. 86 (trans) ppm . 
l 59 
The more mobile component 
was recrystallized from ethyl 
acetate/light petroleum to yield 
the trans-3,6-bis(phenylmethyl)-
l,4-dimethyl-2,5-piperazinedione (178) (l .05 g, 27%). 
m. p. 188-189° (Lit 199 187-189°) 
1H n.m. r., 80 MHz (CDCl 3): 6 2.84 (3H, s, NMe), 3.03 (lH, d 
4.1 Hz, ArCH2), 3.14 (lH, d, J 3.0 Hz, ArCH2), 3.40 (lH, dd, J 
4.1, 3.0 Hz, ArCH2CH), 6.97 (2H, complex m, aromatic protons), 
7.22 (3H, complex m, aromatic protons). 
1 3 C - { 1 H } n . m . r . , 2 0 MH z ( C DC l 3 ) : 6 3 2 . 2 ( N.M e ca r b on s ) , 3 6 . 9 
(C1, Cs), -61.7 (C3, Cs), 127.3 I 128.3 / 129.6 / 130.5 / 134.8 
(aromatic carbons), 165.2 (C 2, Cs). 
Mass spectrum: m/z 323 (4%), 322 (M:", 17), 232 (15), 231 (100), 
204 (7), 203 (.50), 134 (.25), 112 (13), 91 (14). 
The slowest band was recrystallised from ethyl acetate/light 
petroleum or water to yield the {±)cis-3~6-bis{phenylmethyl)-l~4-
dimethyl-2~5-piperazinedione (184) (2.4 g, 61%) as colourless needles, 
m.p. 165° 
(Found: C, 74.4; H, 6.8; N, 8.4. 
H, 6.9; N, 8.7%). 
1 H n . m . r . , 8 0 MHz ( CDC l 3 ) : 2 . 2 0 ( l H , d d , J 6 . 6 an d .1 4 . 2 Hz , Ar CH 2 ) , 
2. 7 6 ( 3H, s , NMe) , 2. 90 ( l H, dd, J 4. 3, 14. 2 Hz A rCH 2 ) , 
4.04 (lH, dd, J 4.3, 6.6 Hz, ArCH 2CH). 7.05 (2H, m, aromatic 
protons), 7.30 (3H, m, aromatic protons). 
3C- {1 H} n.m.r., 20 MHz (CDC1 3 ): c5 33.5 (NMe carbons), 39.0 
(C1, Ca), 64.3 (C3, C5), 127.3 / 128.9 / 129.2 / 129.6 / 137.0 
(aromatic carbons), 165.5 (C 2 , C5 ). 
I 
.J 
160 
+ Mass spectrum: m/z 323 (6%), 322 (M·, 25), 232 (16), 231 (100), 
204 (8), 203 (53), 134 (25), 112 (13), 91 (10). 
Hydrogenation of 1,4-dimethyl-3,6-bis(phenylmethylene)-2,5-piperazine-
dione (_156) 
A mixture of methylxanthoroccellin (156) (500 mg) and 10% 
palladized charcoal (300 mg) in glacial acetic acid (10 ml) were 
stirred under an atmosphere of hydrogen overnight. The mixture 
was filtered through celite and the solvent removed. Recrystalliza-
tion of the solid from water gave the product (184) (485 mg, 96%), 
as colourless needles, 
m.p. 165°. 
Reduction of 1 ,4-dimethyl-3,6-bis(phenylmethylene)-2,5-piperazine-
dione (156) 
I) With HI 
A suspension of methylxanthoroccellin (156) (500 mg) in hydro-
iodic acid (d 1 .70, 10 ml) was heated at reflux for 3 hours. The 
reaction mixture was cooled to room temperature, poured into water 
(50 ml) and extracted with ethyl acetate. The organic phase was 
washed with 5% aqueous bicarbonate, 5% sodium thiosulfate, water, 
dried and the solvent removed. Recrystallization from water gave 
the product (184) (330 mg, 65%) as colourless needles, 
m.p. 165°. 
II) With HI/diethyl ketone 
A solution of methylxanthoroccellin (156) (500 mg) in 
diethyl ketone (20 ml) and hydroiodic acid (d 1.70, 10 ml) was 
heated at reflux for 1.5 hours. The volume of solvent was reduced 
(c. 10 ml) and the reaction mixture worked up in the usual manner. 
Recrystallization from water gave the product (184) (410 mg , 81 %) 
as colourless needles, 
m.p. 165° . 
161 
1) 4- Dimethyl - 3- (phenylmethyl) - 6- (phenylmethylene )- 2) 5- piperazine-
dione ( 185) 
A solution of methylxanthoroccellin (156) (500 mg) in acetone 
(20 ml) and hydroiodic acid (d 1.70, 10 ml) was heated at reflux 
until no starting material remained (t. l.c., 20% ethyl acetate/light 
petroleum). The volume of solvent was reduced (c. 10 ml) and the 
reaction mixture worked up in the usual manner. Recrystallization 
from ethyl acetate/light petroleum gave the produc t (185) (230 mg, 
46%) as colourless plates, 
m.p. 161.5-162° 
(Found: C, 74.9; H, 6.2; N, 8.8. 
H, 6.3; N, 8.7%). 
1H n.m. r., 60 MHz (CDCl 3): o 2.85 (3H, s, N4Me), 3.03 (3H, s, N1Me), 
3.28 (2H, d, J 6.0 Hz, CH..9:i.2), 4.37 (lH, t, J 6.0 Hz, ..9:i.CH 2), 
7.12 (lH, s, olefinic proton), 7.36 (l0H, br m, aromatic protonsl. 
13 C- {1H} n.m.r., 20MHz (CDC1 3 ): o 33.6 (N4Me carbon), 35.1 (N1Me 
carbon), 38.2 (C 7), 65.1 (C 3 ), 120.5 (olefinic carbon), 
127.7 / 128.0 / 128.2 / 129.0 / 129.5 / 129.6 / 131 .o / 133.8 I 
135.0 (C 6 and aromatic carbons) 162.0 (C ~), 166.9 (C2). 
Mass spectrum: m/z 321 (14%), 320 (M~, 59), 230 (16), 329 (100), 
202 (7), 201 (51), 122 (12), 121 (8) , 117 (6), 116 (11 ) , 
91 (2 0) , 89 (5 ) . 
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Attempted epoxidation of (Z)-3,6-bis(phenylmethylene )-l-methyl-
2,5-pi perazinedione (156) 
A solution of methylxanthoroccellin (156) (320 mg) and 
m-chloroperbenzoic acid (i5o mg) in dichloromethane (60 ml) was 
stirred at room temperature overnight. Further m-chloroperbenzoic 
acid was added in small portions until no methylxanthoroccellin 
(156) could be detected by t.l.c. (25% ethyl acetate/light 
petroleum). The crude reaction mixture was washed successively with 
5% sodium thiosulfate, 5% sodium bicarbonate, brine, dried and the 
solvent removed. Recrystallization from ethyl acetate/light 
petroleum gave al :1 mixture of the two major products (195) and 
( 1 9 6) ( 3 5 mg ) . 
0 
O H 0 
@ 
Cl 
0 : OJ 
Cl 
1 H n . m . r . , 1 0 0 MHz ( CDC l 3 ) : o 2 . 6 2 / 2 . 7 8 / 3 . 0 0 / 3 . 2 4 ( ea c h 3 H , 
s, NMe protons), 5. 10 (lH, s,ArCH0), 5.52 (lH, br s, 0_ti), 
6.34 (lH, s, ArCH0), 6.96 (2H, m, aromatic protons), 7.12 
(lH, s, olefinic proton), 7.48 (25H, complex m, aromatic -
protons), 8. 12 (4H, m, aromatic protons). 
Mass spectrum: m/z 489, 491 (M:", ratio '\J 2:1 respectively, 21 %) 
245 (100). 
When a two-phase system was employed 20 5 a mixture of products was 
again formed. 
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erythro and threo-(Z)-3-(Bromophenylmethyl)-1,4-dimethyl-6-
(phenylmethylene) - 2,5-piperazinediones (198) and (199) 
A mixture of methylxanthoroccellin (156) (960 mg)., water 
(5 ml), dioxane (30 ml) and N-bromosuccinimide (550 mg) was stirred 
at room temperature overnight. The solvent was removed and the 
crude reaction mixture suspended in water (40 ml), extracted with 
ethyl acetate, washed with water, brine and dried. Column chroma-
tography (silica gel) using 30% ethyl acetate/light petroleum gave 
two components. 
The more mobile component (198) was recrystallized from 
ethyl acetate/light petroleum as colourless needles (626 mg, 50%), 
m.p. 182-183° 
(Found: C, 58.1; H, 4.6; N, 6.5; 
1 
57.8; H, 4.6; N, 6.8; Br, 19.2%). 
0 
/Me 
5 N 
30 7 0 
O H Br 
1H n.m.r., 80 MHz (CDC1 3): 8 2.4'0 (3H, s, N1Me), 3.08 (3H, s, N4Me), 
5.20 (lH, s, CHBr), 5.32 (lH, s, excha.ngeable with 020, OH), 
7.40 (llH, m, olefinic and aromatic protons). 
13 C-{ 1H} n.m.r., 20 MHz (CDC1 3): 8 27.8 (N 4Me carbon), 35.l (N1Me 
carbon), 53.6 (C1), 84.6 (C 3), 123.8 (olefinic carbon), 
128.4 / 128.9 / 129.4 / 129.6 / 130.0 / 132.2 / 132.8 / 
1 34. 7 ( C 6 and aromatic carbons) , l 61 . 8 ( C s) , 167. 0 ( C 2) . 
Mass spectrum: m/z 414, 416 (M:, < 1%) , 246 (16), 245 (100), 217 
(13), 116 (11), 91 (9). 
The less mobile band (199) was recrystallized from ethyl 
acetate/light petroleum as colourless crystals (417 mg , 33%), 
m.p. 153-154° 
I 
164 
(Found: C, 57.6; H, 4.8; N, 6.7; 
57.8; H, 4.6; N, 6.8; Br, 19.2%). 
1 H n. m. r. , 80 MHz ( CDCl 3): c5 2. 91 
3H, s, N1Me), 3.23 (3H, s, N4Me), 5.09 (lH, s, exchangeable 
with 020, OH), 5.21 (lH, s, CHBr), 7.23 (lH, s, olefinic 
proton), 7.38 (lOH, ~' aromatic protons). 
13 C- {1H} n.m.r., 20 MHz (CDC1 3): c5 29.5 (N4Me carbon), 35.7 (N1Me 
carbon), 58.5 (C7), 85.0 (C3), 123.2 (olefinic carbon), 
128.6 / 129. 1 / 129.2 / 129.6 / 129.8 / 131.0 / 132.8 / 135.6 
(C6 and aromatic carbons), 161. 5 (Cs), 166.2 (C2). 
Mass spectrum: m/z 334 (26%), 246 (18), 245 (100), 243 (21), 228 
(25), 226 (.18), 217 (15), 215 (15), 201 (15), 199 (14), 
184 ( l 4) , 1 2 8 ( 3 3) , l O 7 ( l 7) , 91 ( 4 5) , 84 ( 58) , 6 9 ( 2 6) , 
56 (68), 55 (25). 
(Z)-4,?-Dimethyl-1-oxa-2-phenyl-6-(phenylmethylene)-4,?-diazaspiro 
[2. 5] octane -5,8-dione (189) 
A solution of the bromohydrin 
(199) (2.08 g) and triethylamine 
(2 ml) in dry ethyl acetate (60 ml) 
were heated at reflux for 2 hours. 
The reaction mixture was cooled to room temperature, filtered to 
remove the triethylamine hydrobromide, washed with water, brine 
and dried. The volume of solvent was reduced (c. 10 ml) and the 
product (189) crystallized from ethyl acetate/light petroleum 
( l . 30 g , 7 8%) , 
m.p. 182-183° 
I 
165 
(Found: C, 71.9; H, 5.1; N, 8.6.C20H1aN203 requires C, 71.8; 
H, 5.4; N, 8.4%). 
1H n.m.r., 80 MHz (CDC1 3): o 2.77 (3H, s, N1Me), 3.05 (3H ., s, 
N4Me), 4.28 (lH, s, ArCH0), 7.30 (llH, complex m, olefinic and 
aromatic protons). 
13 C-{ 1H} n.m.r., 20 MHz (CDCl3): o 26.2 (NttMe carbon), 34.7 
(N7Me carbon), 62. l (C2), 71.6 ((3), 123.6 (olefinic carbon), 
126.5 / 127.4 / 128.3 / 128.6 / 128.9 / 129.4 / 130.3 / 
130.9 / 131.5 / 133.l (CG and aromatic carbons), 160.6 (C's}, 
164.0 (Ca). 
Mass spectrum: m/z 335 (24), 334 (M~, 100), 229 (17), 228 (25), 
227 (61), 143 (20), 131 (60), 130 (10), 116 (57), 105 (15), 
102 (27), 90 (20), 89 (28), 87 (12), 63 (9). 
(Z)-1~4 - Dimethyl-3- hydroxy-3- (hydroxyphenylmethyl) -6- (phenylmethylene)-
2~5-piperazinedione (200) 
Water (10 ml) containing one 
drop of concentrated hydrochloric 
acid was added to a solution of the 
epoxide (189) (200 mg) in ethyl 
acetate (40 ml) and the mixture stirred vigorously for 3 hours. 
The organic layer was separated and the aqueous extracted with 
ethyl acetate. The combined organic extracts were washed with 
water, dried and the solvent removed. Recrystallization from 
ethyl acetate/light petroleum gave the product (200) (192 mg, 87%), 
m.p. 142-146° 
(Found: C, 65.l; H, 5.9; N, 7.7.C 20H20N204 .H 20 requires C, 65.3; 
H, 5.9; N, 7.6%) . 
I 
.J 
166 
1 H n.m.r., 60 MHz (CDCl3): o 2.88 (3H, s, N4Me), 2.96 (3H, s, 
N1Me), 4.95 (lH, s, ArCHOH), 7.12 (lH, s, olefinic proton), 
7.38 (lOH, m, aromatic protons). 
Mass spectrum: m/z 352 (M'., < 1%), 247 (8), 246 (47), 245 (100), 
217 (22), 216 (10), 132 (14), 131 (17), 107 (7), 106 (25), 
105 (14), 91 (26), 89 (8), 79 (ll), 77 (17), 58 (17). -
(Z) - 1) 4- Dimethyl - 3-methoxy- 3- (hyd:roxyphenylmethyl) - 6- (phenylmethylene) -
2) 5- piperazinedione (201) 
One drop of concentrated sulfuric 
acid was added to the epoxide (189) 
(1.67 g) suspended in methanol (10 ml) 
and the mixture stirred at room 
temperature for 2 hours. The reaction mixture was poured into 
water (40 ml) and extracted with ethyl acetate. The organic phase 
was washed with water, brine, dried and the solvent removed. 
Recrystallization from ethyl acetate/light petroleum gave the 
product (201) (1.33 g, 73%), 
m.p. 165-166° 
(Found: C, 68.6; H, 6.0; N, 7.4.C21H 22 N204 requires C, 68.8; 
H, 6. 1 ; N, 7. 7%) . 
1 H n.m.r., 60 MHz (CDC1 3): cS 2.79 (3H, s, N4Me), 2.91 (3H, s, 
N 1 Me) , 3. 28 ( 3H, s, OMe), 3. 83 ( 1 H, d, J 4Hz, OH) , 5. 05 ( l H, 
d, J 4Hz ArCHOH), 7.06 (3H, m, olefinic and aromatic protons), 
7.35 (8H, m, aromatic protons). 
Mass spectrum: m/z 335 (1 %), 261 (7), 260 (48), 259 (100), 246 (5) , 
245 (30), 231 (6), 217 (4), 216 (7), 190 (5) , 131 (10), 
l 1 6 ( 9 ) , l 0 5· ( 4 ) , 7 2 ( l l ) . 
167 
(Z) - 1) 4- Dimethyl - 3- hydroxy- 3- (phenylmethyl) - 6- (phenylmethylene) - 2
2
5-
piperazinedione (202) 
A mixture of the epoxide (189) 
(200 mg), ethyl acetate (40 ml), 
triethylamine (3 drops) and 10% 
pa 11 adi zed charcoal ( 200 mg) was 
stirred under an atmosphere of hydrogen. After one equivalent of 
hydrogen had been consumed the reaction mixture was filtered 
through celite and the solvent removed. Recrystallization from 
ethyl acetate/light petroleum gave the product (202) (161 mg, 80%). 
m.p. 147.5-149° 
(Found C, 71.5; H, 6. l; N, 8.4.C20H20N203 requires C, 71.4; H, 6.0; 
N , 8. 3%) . 
1H n.m.r., 60 MHz (CDCl3): cS 2.94 (3H, s, N4Me), 3.05 (3H, s, N1Me), 
3.21 (2H, s, ArCH2), 4.85 (lH, s, OH), 7.35 (llH, m, olefinic 
and aromatic protons). 
13 C{ 1 H} n.m. r., 20 MHz (CDCl 3): cS 27.7 (N4Me carbon), 35.4 (N1Me 
carbon), 45.l (C7), 84.6 (C3), 122.0 (olefinic carbon), 
127.7 I 128.3 / 128.7 / 129.6 / 130.3 / 131 .2 / 133.3 (C6 
and aromatic carbons), 161.3 (Cs), 168.8 (C 2 ). 
+ Mass spectrum: m/z 336 (M· < 1%), 246 (16), 245 (100), 218 (18), 
132 (8), 117 (9), 116 (26), 91 (28), 57 (10). 
(Z ) - 3- Benzoyl- 1, 4- dimethyl - 6- (phenylmethylene) - 2, 5- piperazinedione 
(203) 
A mixture of the dial (200) 
(l.5 g) and p-toluenesulphonic acid 
(1 00 mg) in toluene (100 ml) were 
heated at reflux for 18 hours. 
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The water formed in the reaction was collected ,n a Dean and Stark 
trap. The reaction mixture was cooled to room temperature, 
washed with water, brine, dried and the solvent removed. Purifica-
tion of the dark red oil by column chromatography (silica gel 
using 20% ethyl acetate/light petroleum as eluent) gave the product 
(203) (0.98 g, 69%) as a pale yellow oil. 
1H n.m.r., 80 MHz (CDC1 3): o 2.82 (3H, s, NMe), 3.02 (3H, s, NMe), 
5.68 (lH, s, ArC0CH), 7.37 (8H, m, aromatic protons), 8.28 
(2H, m, aromatic protons). 
13 C n.m.r., 20 MHz (CDCl3): o 33.8 and 35.4 (NMe carbons), 70.2 
(C3), 122.4 (olefinic carbon), 128.0 / 128.4 / 128.5 / 
128.7 / 129.0 / 129.3 / 129.6 / 130.0 / 133.7 / 134.8 (CG and 
aromatic carbons), 161.3 (Cs), 164.2 (C2), 189.6 lC11-
Mass spectrum: m/z 335 (7%), 334 (M~, 31), 229 (9), 201 (11), 
159 (8), 106 (20), 105 (100), 92 (30), 91 (61), 77 (21), 71 
(12), 70 (9), 61 (10), 57 (19). 
Similar treatment of the epoxide (189) (1.67 g) gave the product 
(203) (1.22 g, 73%). 
(Z)-1~4-mmethyl-3-(hydroxyphenylmethyl)-6-(phenylmethylene)-2~5-
piperazinedione (205) 
A mixture of the ketone (203) 
(200 mg), ethyl acetate (40 ml), 
triethylamine (4 drops) and 10% 
palladized charcoal (200 mg) was 
stirred under an atmosphere of hydrogen. After one equivalent of 
hydrogen had been consumed the reaction mixture was filtered 
through celite and the solvent removed. Recrystallization from 
ethyl acetate/light petroleum gave the product (205) (154 mg, 76%) 
as colourless needles. 
. I 
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m.p. 230-231° 
(Found C, 71. l; H, 6.0; N, 8.3.C 20 H20 N203 requires C, 71.4; H, 
6. 0 ; N , 8. 3%) . 
1H n.m.r., 60 MHz (CDCl3): o 2.79 (3H, s, NMe), 2.97 (3H, s, NMe), 
4.32 ( l H, d, J 8Hz, ArCHOHCH), 5. l 0 (lH, d, J 8Hz, ArCHOH), 
6.95 ( l H, s ' olefinic proton), 7.32 (lOH, m, aromatic 
protons). 
Mass spectrum: m/z 336 (M:°, < 1%), 232 (16), 231 (100), 216 (10), 
202 ( 10) , 141 ( 8) , 1 32 ( l O) , 1 31 (21), 107 (10), 106 (25), 
107 (8), 105 (8), 91 (14), 89 (8), 79 (15), 77 (17), 42 (27). 
Methylation of (Z)-1 ,4-dimethyl-3-(hydroxphenylmethyl)-6-(phenyl-
methylene)-2,5-piperazinedione (205) 
Dimethyl sulfate was added dropwi se to a solution of the 
alcohol (168 mg) in ethyl alcohol and 10% aqueous sodium hydroxide 
(1 :l, 40 ml) until all of the alcohol (205) had reacted. The 
reaction mixture was diluted with water (20 ml) and extracted with 
ethyl acetate. The organic phase was washed with water, brine, 
dried and the solvent removed. Column chromatography (silica gel) 
using 20% ethyl acetate/light petroleum gave benzaldehyde (33 mg, 
66%) (identified by t.l .c. and 1H n.m.r.) as the first component. 
The second component was identified (by 1H n.m.r.) as methylxantho-
roccellin (156) (25 mg, 16%). While the third component was 
eluted with 40% ethyl acetate/light petroleum and identified as a 
mixture of the desired ethers (187) and (188) (ratio 4:3 
respectively, 14 mg , 8%). 
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Reaction of (Z)-1 ,4-dimethyl-3-(hydroxyphenylmethyl)-6-(phenyl-
methylene)-2,5-piperazinedione (205) with trimethyloxonium 
fl uorobora te 
A mixture of the alcohol (205) (168 mg), trimethyloxonium 
fluoroborate (74 mg) in dichloromethane (50 ml) under an atmosphere 
of nitrogen at room temperature. Further portions of trimethyl-
oxonium fluoroborate were added until no alcohol remained. The 
reaction mixture was washed with water, brine, dried and the 
solvent removed. Purification of the reaction products as described 
above gave methylxanthoroccellin (156) (109 mg, 69%) and the ether 
( l 88) ( 9 mg, 5%) , 
m.p. 154-155°. 
(Z)-3-Benzoyloxy-1~4-dimethyl-6-(phenylmethylene) - 2~5-piperazine-
dione P-tosylhydrazone 
A mixture of the ketone (203) 
(670 mg), p-tosylhydrazine (410 mg) 
in methanol (30 ml) was refluxed 
overnight. The solvent was removed, 
water (40 ml) was added and the product extracted with ethyl acetate. 
The organic phase was washed with dilute hydrochloric acid, water, 
brine, dried and the solvent removed. Further purification by 
column chromatography (silica gel, using ethyl acetate/light 
petroleum as eluent) and recrystallization from ethyl acetate/light 
petroleum gave the pr oduct (210) (560 mg, 56%) as a colourless solid, 
m.p. 217-218° 
(Found: C, 64 . 3; H, 5.3; N, 11.0; S, 6.5.C 27H 25 N404S requires 
C, 64. 5; H , 5. 2 ; N.; 11 . 2 , S , 6. 3%) . 
l 71 
1H n.m.r., 100 MHz (CDCl3): cS 2.34 (3H, s, ArCH3), 2.72 (3H, s, 
NMe), 2.88 (3H, s, NMe), 4.88 (lH, s, methine proton), 7.24 
(12H, olefinic, sulfonamide and aromatic protons). 
Mass spectrum: m/z 503 (12 %), 502 (M:, 36%), 347 (10), 309 (24), 
308 (55), 307 (10), 291 (12), 288 (13), 287 (10), 262 (20), 
261 (59), 260 (12), 230 (30), 229 (21), 202 (10), 201 (60), 
156 ( 22) , 139 ( 34) , 132 ( 38), 131 ( 70), 118 ( 15) , 117 ( 15), 
116 (92), 105 (18), 103 (10), 102 (10), 92 (29), 91 (100), 
89 (12), 88 (26), 77 (21), 65 (25), 63 (ll), 42 (38). 
Decomposition of (Z)-3-benzyloxy-l ,4-dimethyl-6-(phenylmethylene)-
2,5-piperazinedione p-tosylhydrazone (210) with base 
A mixture of the p-tosylhydrazone (210) (300 mg~ and anhydrous 
potassium carbonate (60 mg) in methanol (30 ml) was heated at 
reflux for 20 minutes. The solvent was removed, water (30 ml) 
added and the mixture extracted with ethyl acetate. The organic 
phase was washed with water, brine, dried and the solvent removed. 
Recrystallization from ethyl acetate/light petroleum gave methyl-
xanthoroccellin (156) (150 mg, 79%), 
m.p. 142-143°. 
threo and eryth.r.o (Z)-1~ 4-Dime t hyl -3-(me t hoxyphenylmethy l )-6-
(phenylmethylene )-2~5-piperazinediones (187) and (188) 
A mixture of methylxanthoroccellin (156) (3.18 g) and sodium 
methoxide (200 mg) in methanol (40 ml) was refluxed for 24 hours. 
The solvent was removed, water (40 ml) was added and the mixture 
extracted with ethyl acetate. The organic phase was washed with 
water, brine, dried and the solvent removed. Preliminary purifica-
tion by column chromatography (silica gel, using 30% ethyl aceta t e/ 
light petroleum) gave three fractions. The first fraction was 
,-
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identified as unreacted starting material (156) (1.43 g, 45%). 
The second fraction 3(Z)6(EJ - 1~4- dimethyl - 3~6-bis(phenylmethyl) -
2~5-piperazinedione (211) was obtained as a light yellow oil 
(90 mg, 3%). 
1H n.m.r., 100 MHz (CDCl3): o 2.96 
(3H, s, NMe), 3.54 (3H, s, NMe), 
6.38 (lH, s, Ha), 7.40 (llH, m, 
olefinic and aromatic protons). 
This product (211) was found to be unstable and on standing in a· 
chloroform solution was converted to methylxanthoroccellin (156) 
(c. 80% conversion after 2 weeks). 
The third fraction was identified as a mixture of (187) and (188) 
(1.41 g, 40%). Fractional recrystallization from ethyl acetate/ 
light petroleum gave the erythro isomer (188) (0.73 g, 21 %) as 
colourless crystals, 
m.p. 154.5-155.5° 
(Found: C, 72. 1; H, 6.4; N, 7.9. 
H, 6.3; N, 8.0%). 
©- 0 /Me 5 N 
1 3 7 0 
Me/ H 
0 0 
Me 
1H n.m.r., 80 MHz (CDCl3): o 2.77 (3H, s, N4Me), 3.05 (3H, s, N1Me), 
4.42 (lH, d, J 4.3 Hz, ArCH0Me.9:!__), 4.67 (lH, d, J 4.3 Hz, 
ArCH0Me), 6.85 (lH, s, olefinic proton), 7.04 (2H, m, 
aromatic protons), 7.27 (8H, br s, aromatic protons). 
13 C n.m.r., 67.9 MHz (CDC1 3) : o 35.18 / 35.23 (N 1 and N4Me carbons), 
57.23 (0Me carbon), 68.98 (C 3), 85 .29 (C7), 120.05 (olefinic 
carbon), 127.55 / 128.02 / 128.18 / 128.98 / 129.11 / 129.54 / 
131 .29 / 133~82 / 135. 89 (C 6 and aromatic carbons) , 162.40 (Cs), 
165.10 (C 2 ). 
f 
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Mass spectrum: + m/z 350 (M·, < 1%), 122 (8), 121 (100), 116 (3), 
91 (4), 77 (5), 42 (3). 
The threo isomer (187) was recrystallized from ethyl acetate/ 
light petroleum (0.46 g, 13%) as colourless crystals, 
m.p. 146-146.5° 
(Found: C, 72.3; H, 6.4; N, 7.9. 
N, 8. 0%) . 
1H n.m.r., 80 MHz (CDCl3): cS 2.57 (3H, s, Nt+Me), 2.86 (3H, s, 
N1Me), 3.28 (3H, s, OMe), 4. 17 (lH, d, J 4.0 Hz, ArCHOMeQ!), 
4.72 (lH, d, J 4.0 Hz, ArCHOMe), 7. 17 (lH, s, clefinic 
proton), 7.35 (lOH, m, aromatic protons). 
1 3 C n . m . r . , 6 7 . 9 MHz ( CDC 1 3 ) : cS 3 5 . 1 2 / 3 5 . 5 5 ( N 1 a n d N 4 Me 
carbons), 57.46 (OMe carbon), 70.22 (C3), 84.60 (C1), 119.94 
• 
(olefinic carbon), 126.92 / 128.24 / 128.34 / 128.81 / 129.01 / 
129.42 / 132.69 / 134.35 / 136.65 (C& and aromatic carbons), 
163.1 (Cs), 165.95 (C2). 
Mass spectrum: m/z 350 (M~, < 1%), 122 (8), 121 (100), 116 (6), 
91 (7), 72 (9), 42 (7). 
(Z)-3-(Chlorophenylmethyl)-3-methoxy-l,4-dimethyl-6-(phenylmethylene) -
2,5-piperazinedione (212) 
A mixture of methylxantho-
roccellin (156) (640 mg) and N-
chlorosuccinimide (270 mg) in 
methanol (20 ml) and dioxane (10 ml) 
0 
/Me 
N 
Me/ O ~ 0 
0 Me Cl 
was stirred at room temperature overnight. Further portions of 
chlorosuccinimide were added until only a trace of starting material 
could be detected by t.l.c. (using 30% ethyl acetate/light petroleum). 
f 
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The solvent was removed and the residue dissolved in ethyl acetate. 
This solution was washed with 5% aqueous sodium bicarbonate 
solution, water, brine, dried and the solvent removed. The solid re-
sidue was recrystallized from ethyl acetate/light petroleum to 
give the product (112) (685 mg, 89%) as colourless crystals, 
m.p. 149-150° 
(Found: C, 65.8; H, 5.4; N, 7.4; Cl, 8.2.C21H21N203Cl requires 
C, 65.5; H, 5.5; N, 7.3; Cl, 9.2%). 
1H n.m.r., 100 MHz (CDC1 3): 6 3.00 (3H, s, NMe), 3.44, 3.50 (each 
3H, each s, NMe, OMe); 5.3 (lH, s, ArCHCl), 7.00 (2H, m, 
aromatic protons); 7.16 (lH, s, olefinic proton), 7.36 (8H, 
m, aromatic protons). 
Mass spectrum: m/z 386 (1%), 384 (Mt, 3), 353 (1), 260 (21), 259 
(100), 231 (7), 216 (9), 190 (6), 131 (12), 116 (15), 72 (15). 
(Z)-3-(Bromophenylmethyl)-1i4-dimethyl-3-methoxy-6-(phenyZmethylene)-
2J5-piperazinedione (213) 
A mixture of methylxanthoroccellin 
(156) (1.9 g) and N-bromosuccinimide 
( 1 . l g ) i n methanol ( 4 0 m 1 ) was st i r red 
at room temperature for 1 hour. The 
solvent was removed, and the oil dissolved in ethyl acetate (40 ml). 
The ethyl acetate solution was washed with dilute aqueous 
bicarbonate, water, brine, dried and the solvent removed. The 
product (213) was crystallized from ethyl acetate/light petroleum 
to form colourless crystals (l. 75, 68 ~~ ), 
m.p. 164-165° 
( Found : C, 58. 5; H, 5. 2 ; N , 6. 4; Br, 1 8. 6 . C 2 1 H 2 1 N 2 0 3 Br req u i res 
C, 58.7; H, 4.9; N, 6.5; Br, 18.6%). 
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1H n.m.r., 100 MHz (CDCl3): cS 2.84 (3H, s, NMe), 3.20 (3H, s, 
NMe), 3.36 (3H, s, OMe), 5.34 (lH, s, ArCHBr), 6.95 (2H, m, 
aromatic protons), 7.10 (lH, s, olefinic proton), 7.30 (8H, 
m, aromatic protons). 
Mass spectrum: m/z 430 / 428 (M:, < 1%), 260 (18), 259 (100), 
2 31 ( 7) , 21 6 ( 6) , l 8 7 ( 6) , l 80 ( 5) , l 31 ( l 7) , 116 ( 2 0) , 
91 (5), 90 (60), 89 (6), 72 (15). 
(Z)-3-Methoxy-3-(phenylmethyl)-1 1 4-dimethyl-6-(phenylmethylene)-
2~5-piperazinedione (174) 
A solution of the chloroether 
(212) (2 g) and triethylamine 
(4 drops) in ethyl acetate (80 ml) 
was stirred under an atmosphere of 
hydrogen, in the presence of 10% palladized charcoal (200 mg) and 
anhydrous potassium carbonate (2 g) until one equivalent of 
hydrogen was consumed. The mixture was filtered through celite 
and the solvent removed. Recrystallization of the solid residue 
from ethyl acetate/light petroleum gave the product (174) (1.42 g, 
78%) as colourless crystals, 
m.p. 179-180° 
(Found: C, 71.7; H, 6.3; N, 8.l.C21H 22N20 3 requires C, 72.0; 
H, 6.3; N, 8.0%) 
1H n.m. r., 100 MHz (CDCl 3): cS 2.80 (3H, s, NMe), 3. 30 (8H, m, NMe, 
OMe, ArCH2), 6.85 (2H, m, aromatic protons), 7.30 (9H, m, 
olefinic and aromatic protons). 
13 C n.m.r., 20 MHz (CDCl 3): cS 27.7 (N 4 Me carbon), 35.5 (N 1 Me 
carbon), 43.0 (C 7 ), 51.6 (OMe carbon), 92.2 (C 3), 119.7 
(olefinic carbon), 127.3 / 127.9 / 128.4 / 128.8 / 129.3 / 
130.2 / 131.2 / 132.9 / 134.0 (C 6 and aromatic carbons), 
161.6 (Cs), 164.7 (C 2). 
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Mass spectrum: m/z 350 (M"t, 6%), 261 (6), 260 (21), 259 (100), 
231 (11), 216 (6), 202 (11), 132 (5), 131 (9), 118 (7), 
116 (10), 105 (7), 91 (16), 72 (14). 
Methylation of 1 ,4-dimethyl-3-hydroxy-3~(phenylmethyl)-6-(phenyl-
methylene)-2,5-piperazinedione (202) 
Dimethylsulphate (4 ml) was added dropwise to a solution of 
the a 1 coho 1 ( 202) ( 300 mg) in ethano 1 ( 30 ml ) and 10% aqueous 
sodium hydroxide (30 ml) and the reaction mixture stirred at room 
temperature for½ an hour. The reaction mixture was acidified with 
dilute hydrochloric acid and extracted with ethyl acetate. The 
organic phase was washed with water, brine, dried and the solvent 
removed. Purification by column chromatography (silic~ gel, using 
20% ethyl acetate/light petroleum as eluent) gave the product (174) 
(150 mg, 48%) together with unchanged starting material (100 mg, 33%). 
Thermal decomposition of (Z)-1 ,4-dimethyl-3-hydroxy-3-(phenylmethyl)-
6-(phenylmethylene)-2,5-piperazinedione (202) 
The 3-hydroxy-2,5-piperazi·nedione (202) (5 mg) was heated at 
180° for½ an hour. The formation of methylxanthoroccellin (156) 
was detected by t.l.c. (20% ethyl acetate/light petroleum) and 
1H n.m.r .. Similar treatment of the corresponding S-hydroxy-2,5-
piperazinedione (205) returned unchanged starting material. 
The reaction of (Z)-1 ,4-dimethyl-3-methoxy-3-(phenylmethyl)-6-
(phenylmethylene)-2,5-piperazinedione (174) with acid 
A mixture of the 3-methoxy-2,5-piperazinedione (174) (200 mg), 
acetic acid (5 ml) and concentrated hydrochloric acid (1 drop) was 
heated at reflux for 15 minutes . The solvent was removed and 
products separated by column chromatography (silica gel) using 15% 
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ethyl acetate/light petroleum as eluant. The maJor product (138 mg, 
76%) was identified (t.l.c., 1H n.m.r.) as methylxanthoroccellin 
(156) while the minor product (lower RF, 12' mg, · 7 ~~ ),· was 
identified ( 1H n.m.r.) as (211). 
Similar treatment of either (187) or (188) resulted in the 
recovery of these compounds in almost quantitative yield (even 
after 2 hours at reflux). 
Thermal decomposition of (Z)-l,4-dimethyl-3-methoxy-3-(phenylmethyl)-
6-(phenylmethylene)-2,5-piperazinedione (174) 
The 3-methoxy-2,5-piperazinedione (174) (10 mg) when heated at 
180° for½ an hour (174) formed methylxanthoroccellin (156) (t. 1 .c. 
and 1H n.m.r.). 
1>4-Dimethyl-5-methoxy-5-(phenylmethyl)-2~3~5-piperazinetrione (216) 
A solution of the 3-methoxy-2,5-
( 1 7 4) ( 2 00 mg) in 0 piperazinedione 
o~N_,.-M• 
dichloromethane (30 ml) and methanol 0 N Me/ 0 
0 Me (10 ml) was cooled to - 78° (acetone/ 
dry ice) and treated with a stream of ozone enriched oxygen for c. ½ 
an hour. Dimethyl sulfide (0.5 ml) was added and the solution 
allowed to warm to room temperature. The solvent was removed and 
the colourless oil exposed to the atmosphere overnight. The 
resultant solid was dissolved in ethyl acetate, washed with dilute 
aqueous bicarbonate, water, brine, dried and the solvent removed. 
Recrystallization from ethyl acetate/light petroleum gave the 
product (216) (139 mg, 88%) as fine colourless needles, 
m.p. 168-169° 
(Found: C, 61.0; H, 5.9; N, 10.2.C14H16N204 requires C, 60.9; 
H, 5.8; N, 10.1 %). 
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1 H n. m. r., 100 MHz (CDCl 3 ): o 3.00 (3H, s, NMe), 3.20 (3H, s, NMe), 
3.26 (5H, br s, 0Me and ArCH £), 6.96 (2H, m, aromatic protons), 
7.28 (3H, m, aromatic protons). 
Mass spectrum: m/z 276 (M"!°, 1%), 261 (3), 245 (3), 186 (15), 185 
(100), 157 (28), 91 (26), 72 (47), 65 (8). 
Similar treatment of the ether (188) (200 mg) gave erythro 
1~4-dimethyl-6-methoxy-6-(phenylmethyl)-2~3~5-piperazinetrione (214) 
( 1 3 5 mg , 8 6 % ) , 
m.p. 149-150° 
(Found: C, 60.6; H, 5.8; N, 10.1. 
N, 10.1 %). 
0 
~/Me 01 N 
N 
Me/ 
1 H n . m . r . , 6 0 MH z ( C DC 1 3 ) : o 3 . 01 ( 3 H , s , N 1 Me ) , 3 . 3 5 , 3 . 3 9 ( e a c h 
3H, each s, N4Me, 0Me), 4.67 (lH, d, J 4Hz, ArCH0MeCH), 
4.80 (lH, d, J 4Hz, ArCH0Me), 7. 15 (2H, m, aromatic protons), 
7.45 (3H, m, aromatic protons). 
Mass spectrum: m/z 244 (2 %), 131 (2), 122 (9), 121 (100), 116 (l), 
105 (3), 91 (5), 78 (1), 77 (9), 69 (1), 51 (2), 42 (4). 
Similar treatment of the ether (187) (200 mg) gave threo-1~ 4-
dimethyl - 6-methoxy-6-(phenylmethyl) - 2~ 3~ 5-piperazinetrione (215) 
( 13 7 mg, 8 7%), 
m. p. 14 7-1 50 ° 
(Found: C, 60.8; H, 5.7; N, 10.2. 
N, 10.1 %). 
~ /Me 07 N 
N 
Me/ 
1H n.m.r., 100 MHz (CDC1 3 ): o 2.49 (3H, s, N1 Me) , 3.28, 3 . 35 (each 
3H, each s, N4Me, 0Me), 4.37 (lH, d, J 3Hz, ArCH0MeCH), 
4.70 (lH, d, J 3Hz, ArCH0Me), 7.45 (5H , br s, aromatic protons) . 
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Mass spectrum: m/z 244 (2 %), 131 (2), 122 (9), 121 (100), 116 (2), 
105 (4), 91 (5), 78 (2), 77 (9), 69 (1), 51 (2), 42 (3). 
The reaction of 1 ,4-dimethyl-6-methoxy-6-(phenyl methyl)-2,3,5-
piperazinetrione (216) with base 
A mixture of the 2,3,5-piperazinetrione (216) (20 mg) and 10% 
aqueous sodium hydroxide (5 ml) was heated at reflux for 2 hours. 
The reaction mixture was cooled to 0°, acidified with dilute hydro-
chloric acid and extracted with ethyl acetate. The major product 
from this reaction was shown by t.l.c. (15% acetic acid/toluene) 
to be phenylpyruvic acid by comparison with an authentic sample. 
Similar results were obtained for compounds (214) and (215). 
3)6- Bis(chloropheny l methyl )-1~4-dimethyl- 3~6-di methoxy- 2~5-
piperazinedione (218) 
A solution of methylxanthoroccellin (156) (3.18 g) in 1 ,2-
dimethoxyethane (50 ml) cooled to 0° was saturated with chlorine 
gas. The reaction mixture was kept at 0° for 1 hour, the solvent 
removed, methanol (50 ml) was added and the reaction mixture 
refluxed overnight. The solvent was removed, water (50 ml) was 
added and the product extracted with ethyl acetate. The organic 
phase was washed with water, brine, dried and the solvent removed. 
The resultant oil was crystallized from ethyl acetate/light 
petroleum as a mixture of at least two diastereomers (by t. l.c. and 
1 H n. m. r. ) ( 3. 45 g, 76%) , 
m.p. 137-160° 
C, 58. 5; H, 5. 4; N, 6. 2; Cl , 15. 7%) . 
0 
Cl Meo 
0 
/Me 
N 
N 0 Me/ 0 0 MeCI 
- ' 
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Method II 
A mixture of methylxanthoroccellin (156) (318 mg), N-
chlorosuccinimide (180 mg) in methanol (30 ml) was stirred at 
room temperature overnight. The solvent was removed, water (30 ml) 
was added and the product was extracted with ethyl acetate. The 
organic phase was washed with dilute aqueous bicarbonate, water, 
brine, dried and the solvent removed. Crystallization of the 
resultant oil again gave a mixture of diastereomers of (218) (352 mg, 
78%), 
m.p. 138-159°. 
cis-3~6-Bis(phenylmethyl)-3~6-dimethoxy-2 2 5-piperazinedione (219) 
A mixture of (218) (400 mg), 
triethylamine (3 drops), anhydrous 
potassium carbonate (2 g) and 10% 
palladized charcoal (200 mg) in 
0 0 
Me 
ethyl acetate (50 ml) was stirred under an atmosphere of hydrogen 
until the uptake of hydrogen ceased. The mixture was filtered 
through celite and the solvent removed. The product* (219) was 
obtained as colourless oil (296 mg, 87%) which crystallized on 
standing to form colourless crystals, 
m.p . 121-125°. 
1H n.m.r.*, 100 MHz (CDCl3): o 2.44 (lH, d, J 14 Hz, ArCH 2 ), 2.68 (lH, 
d, J l 4Hz, ArCH 2) , 2. 82 ( 3H, s, NMe) , 3. 06 ( 3H, s, 0Me) , 
7. 10 (5H, m, aromatic protons). 
* contaminated c. 5% of the trans - isomer (168} by 1 H n.m.r. 
...... 
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trans-3)6-Bis(phenylmethyl) - 3) 6- dimethoxy - 1,4 -dimethyl - 2,5-
piperazinedione (T70) 
A mixture of (219) (100 mg), 
concentrated hydrochloric acid 
(1 drop) and methanol (30 ml) was 
heated at reflux overnight. The 
solvent was removed, water (20 ml) was added and the product 
extracted with ethyl acetate. The organic phase was washed with 
water, brine: dried and the solvent removed. Recrystallization 
from ethyl acetate/light petroleum gave the product (170) 
(91 mg, 91 %) as elongated prisms, 
m.p. 229-230° 
(Found: C, 69.3; H, 6.7; N, 7.1.C22H 26 N204 requires C, 69.l; 
H, 6.9; N, 7.3%). 
1H n.m.r., 80 MHz (CDCl3): o 1.91 (3H, s, OMe), 2.98 (3H, s, NMe), 
3.01 ( 1 H , d, J 1 3. 8 Hz , A rCH 2) , 3. 40 ( 1 H , d, J l 3. 8H z, A rCH 2) , 
7. 17 (5H, br s, aromatic protons). 
13 C n.m.r., 20 MHz (CDC1 3): o 27.8 (NMe carbons), 43.9 (C7, Cs) , 
49.2 (OMe carbons), 91.7 (C 3 , CG), 127.9 / 128.8 / 130.8 I 133.8 
(Aromatic carbons), 164.7 (C2, Cs). 
Mass spectrum: m/z 351 (3%), 292 (19), 291 (100), 263 (22), 
184 (12), 132 (17), 91 (39), 72 (38). 
The reaction of trans -3,6-bis(phenyl methyl) -3,6-di methoxy-l ,4-
dimethyl-2,5-piperazinedione (170) with acid 
A mixture of (168) (50 mg) , acetic acid (5 ml) and concentrated 
hydrochloric acid (1 drop) was heated ct reflux for 1 hour. The 
solvent was removed, water (10 ml) was added and the mix ture 
extracted with ethyl acetate. The organic phase was washed with 
---
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aqueous 5% bicarbonate, water, brine, dried and the solvent 
removed. Recrystallization from ethyl acetate light/petroleum 
gave the product (156) (32 mg, 77%), 
m.p. 142-143° (Lit 15 143°). 
Reduction of trans -3,6-bis(phenylmethyl)-3,6-dimethoxy-1 ,4-
dimethyl-2,5-piperazinedione (170) with HI 
A suspension of (168) (50 mg) in hydroiodic acid (d 1 .75, 
5 ml) was heated at reflux for 3 hours. The reaction mixture was 
cooled to room temperature, poured into water (25 ml) and the 
product extracted with ethyl acetate. The organic phase was washed 
with 5% aqueous bicarbonate, 5% aqueous sodium thiosulphate, 
water, brine, dried and the solvent removed. Recrystallization 
from water gave the product (184) (26 mg, 62%), 
m.p. 165°. 
f I 
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(Z ) - 1- Acetyl-3- (pheny lmethy lene) - 2>5- piperazinedione (220) 
A mixture of l ,4-diacetyl-2,5-
piperazinedione (180) (l.98 g), 
benzaldehyde (1.15 g), triethyl-
amine (10 ml) and DMF (4 ml) was 
stirred at room temperature for 24 hours. The volume of solvent 
was reduced, the reaction mixture diluted with 5% ethyl acetate/ 
light petroleum (50 ml) and the product filtered. Recrystallization 
from ethyl acetate/light petroleum afforded the product (l.71 g, 
70%) as colourless needles, 
m.p. 200-201° (Lit. 95 m.p. 200-201°). 
1H n.m. r., 100 MHz (CDCl 3 / TFA): o 2.68 (3H, s, COCH 3 ), 4.64 
(2H, s, CH 2 ), 7.32 (lH, s, olefinic proton), 7.48. 
Methylation of (Z)-l-acetyl-3-(phenylmethylene)-2,5-piperazinedione 
(220) 
A mixture of the l-acetyl-3-benzylidene-2,5-piperazinedione 
(220) (4.88 g), potassium carbonate (3 g), anhydrous magnesium 
sulfate (2 g) and methyl iodide (2.8 ml) in dimethylformamide 
(100 ml) was stirred at room temperature overnight. The mixture was 
filtered and the solvent removed. Water (50 ml) was added and the 
mixture extracted with ethyl acetate, dried and the solvent removed 
Purification by column chromatography (silica gel) using 30% ethyl 
acetate/light petroleum as eluent, afforded two products. The first 
band gave an off-white solid. Recrystallization from ethyl acetate/ 
light petroleum gave (Z) - 1- acetyl- 3>6- di hydro- 5-methoxy- 3- (phenyl -
methyl) - 2(1H) - pyrazineone (221) as colourless needles (0.62 g, 12 %) , 
I 
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m.p. 141-142° 
( Found: C, 5. 2 ; H , 5. 6; N , 1 0. 7. 
C 1 4 H 1 4 N 2 0 3 re q u 1 res C , 6 5 . 1 ; H , 5 . 5 ; 
N, 10.9%). 
1 H n . m . r . , l O O MH z ( CDC l 3 ) : c5 2 . 6 8 ( 3 H , s , CO CH 3 ) , 4 . 0 0 ( 3 H , s , 
OMe), 4.48 (2H, s, CH 2 ), 7.35 (4H, m. olefinic and aromatic 
protons), 8.l (2H, m, aromatic protons). 
Mass spectrum: m/z 259 (16%), 258 (M;, 100), 217 (13), 216 (88), 
215 (27), 188 (23), 173 (19), 130 (13), 116 (38), 89 (16), 
56 (23), 43 (43). 
The second band yielded the 
(Z)-1-acetyl-3-benzylidene-4- @-½/A, 
methyl-2~5-piperazinedione (219). r 5 1f 
Me/ 'Y 
Recrystallization from ethyl 0 
acetate/light petroleum gave (219) as colourless needles (3.68 g, 71 %), 
m.p. 166-167° 
( Found : C , 6 5 . l ; H , 5 . 5 ; N , l O . 9. C 1 4 H 1 4 N 2 0 3 re qui res C , 6 5 . l ; 
H, 5. 5; N , l O. 9%) . 
1H n.m.r., 100 MHz (CDC1 3 ): c5 2.64 (3H, s, COCH 3 ), 2.92 (3H, s, 
NMe), 4.56 (2H, s, CH 2 ), 7.46 (6H, m, olefinic and aromatic 
protons) . 
13 C-{ 1 H} n.m.r., 20 MHz ·(CDCl 3 ): 26.7 (acetyl CH 3 carbon), 34.4 
(Ca), 45.3 (C6), 125.4 (C 7 ), 128.6 / 129.4 / 129.6 / 131.7 / 
132.8 (C3, aromatic carbons), 164.9 / 171.4 (C2, Cs), 189.3 
(acetyl CO carbon). 
Mass spectrum: m/z 259 (15%), 258 (M;, 90), 216 (39), 215 (20), 
214 (12), 188 (13), 187 (15), 132 (22), 131 (100), 117 (20), 
116 (96), 91 (13), 90 (12), 89 (30), 43 (57). 
..... 
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1-Acetyl-3-(bromophenylmethyl) -3-methoxy- 4-methyl - 2~5-piperazinedione 
(222) 
A mixture of l-acetyl-3-
benzylidene-4-methyl-2,5-piperazine-
dione (219) (2.58 g) and N-bromo-
0 
BrMe O 
; O /Ac 
N 
N j;Hb 
Me/ Y\1 
o a 
succinimide (1 .8 g) in methanol (50 ml) was stirred at room temperature 
for 2 hours. The solvent was removed, the solid residue suspended in 
water (60 ml), extracted with ethyl acetate, dried, and the solvent 
removed. Recrystallization of the residue from ethyl acetate/light 
petroleum gave the product (222), as colourless needles (3.46 g, 94%), 
m.p. 123-125° 
(Found: C, 48.8; H, 4.5; N, 7.7; Br, 21.7.C1sH17N 204Br requires 
C, 48. 8; N, 4. 7; N, 7. 6; Br 21 . 6%) . 
1 H n . m . r . , 1 0 0 MH z ( C DC 1 3 ) : o 2 . 5 8 ( 3 H , s , COCH 3 ) , 2 . 7 8 ( 1 H , d , J 
18 Hz, Ha), 3.24 / 3.28 (3H each, 2xs, NMe, OCH3), 4.27 (lH, 
d, J 18 Hz, Hb), 5.4 (lH, s, ArCHBr), 7.36 (5H, br s, aromatic 
protons). 
Mass spectrum: m/z 368 (M~, < 1%), 199 (100), 157 (85), 129 (23), 
116 (14), 90 (13), 89 (11), 72 (26), 43 (26). 
1-Acetyl-3-methoxy-4-methyl-3-(phenylmethyl)-2~5-piperazinedione (218) 
A solution of the bromoether 
(222) (2.0 g) and triethylamine (2 drops) ©TM•o 0 O Ac 
in ethyl acetate (50 ml) was stirred M•/"~b 
under an atmosphere of hydrogen, in the o Ha 
presence of 10% palladized charcoal (200 mg) and an hydrous potassium 
carbonate (1 g) until the uptake of hydrogen ceased. The mixture was 
filtered through celite and the solvent removed. Recrystallization 
of the residue from ethyl acetate/light petroleum gave the product 
(218) (1.38 g, 88%), as colourless crystals, 
i 
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m.p. 130-131° 
(Found: C, 62.0; H, 6.3; N, 9.5.C 1sH1 sN2 04 requires C, 62.1; H, 6.3; 
N, 9.7). 
1 H n . m . r . , 1 0 0 MHz ( CDC l 3 ) : cS 2 . 4 9 ( 1 H , d , J l 6 Hz , Ha ) , 2 . 6 0 
(3H, s, COCH 3 ), 3.12 (3H, s, NMe), 3.26 (5H, s, ArCH2, 
OMe), 4.10 (lH, d, J 16 Hz, Hb), 7.10 (2H, m, aromatic 
hydrogens), 7.30 (3H, m, aromatic hydrogens). 
Mass spectrum: m/z 290 (M:, < 1%), 260 (2), 218 (1), 200 (10), 
199 (100), 157 (89), 129 (20), 91 (34), 72 (30), 43 (18). 
1-Acetyl-3-(bromophenylmethyl)-3-methoxy-2~5-piperazinediones (227) 
and ( 228) 
A mixture of l-acetyl-3-benzylidene-2,5-piperazinedione (220) 
(1 .22 g), N-bromosuccinimide (0.95 g) and methanol (25 ml) was 
stirred at room temperature overnight. The volume of solvent was 
reduced, the reaction mixture diluted with water (50 ml) and the 
product collected by filtration, washed with water and air dried. 
Fractional recrystallization from chloroform afforded the major 
isomer (227) (835 mg, 47 %) as 
colourless crystals, 
m.p. 152-153 (dee). 
(Found: C, 47.4; H, 4.3; N, 7.6; 
Br, 22.8.C14H1sN 204 Br requires C, 47.3; H, 4.3; N, 7.9; Br, 22.5%). 
1H n.m.r., 100 MHz (CDCL 3 ): o 2.72 (3H, s, COCH 3 )_ , 3.28 l_3H, 
s, OMe), 4.52 (2H, s, CH 2) , 5.56 (lH, s, ArCHBr), 6.36 (lH, 
b r s , NH l , 7. 52 (_ 5H , m, aromatic protons) . 
1 3 C - { 1 H } n . m . r . , 2 0 MH z ( C DC 1 3 ) : cS 2 7 . 3 ( a c e t y 1 CH 3 ca r b on ) , 4 6 . 6 
(C5), 52.7 (OMe carbon), 57.6 (C 7 ), 89.2 (C 3 ), 128.6 / 129.6 / 
130.3 / 132.7 (aromatic carbons), 164.8 / 171.9 (C 2, C5 , 189.8 
(acetyl CO carbon). 
187 
+ Mass spectrum: m/z 354 (M·, < 1%), 185 (9), 184 (100), 143 (64), 
117 (ll), 115 (33), 91 (10), 90 (13), 89 (9), 43 (42). 
The minor isomer (228) (500 mg, 28%) was obtained as colourless 
c rys ta ls, 
m.p. 159-160° (dee) 
(Found: C, 47.6; H, 4.3; N, 7.8; 
C, 47.3; H, 4.3; N, 7.9, Br, 22.5%). 
1H n.m.r., 100 MHz (CDCl 3): o 2.42 (3H, s, COCH3), 3.12 lll{, 
d, J 18 Hz, Ha), 3.44 (3H, s, OMe), 4.17 (lH, d, J 18 Hz, Hb), 
5.56 (lH, s, ArCHBr), 7.20 (lH, br s, NH), 7.55 (SH, m, 
aromatic protons). 
_
13 C-{ 1H} n.m.r., 20 MHz (CDCl 3): o 26.9 (acetyl CH3 carbon), 46.0 
(C 6 ), 52.2 (OMe carbon), 59.3 (C1), 89.1 (C3), 128.9 / 129.6 / 
130.1 / 134.0 (aromatic carbons), 164.6 / 171.2 (C2, Cs), 189.2 
(acetyl CO carbon). 
Mass spectrum: m/z 354 (M~, < 1%), 185 (9), 184 (100), 175 (11), 
143 (68), 117 (10), 115 (32), 91 (11), 90 (12), 89 (10), 
43 (35). 
1-Acetyl-3-me thoxy-3-(phenylme t hyl)-2)5-piperazinedione (232) 
A solution of the bromoether 
(227) or (228) ( 300 mg) in ethyl 
acetate (50 ml), triethylamine 
(3 drops), anhydrous potassium carbonate (1 g) and 10% palladized 
charcoal (200 mg) were stirred under an atmosphere of hydrogen 
until the uptake of hydrogen ceased. The mixture was filtered 
through celite and the solvent removed. Recrystallization of the 
resultant solid from ethyl acetate/light petroleum gave the product 
188 
(232) (205 mg, 88%) as colourless prisms, 
m.p. 151-152° 
(Found: C, 61.1; H, 5.9; N, lO.l.C14H1GN204 requires C, 60.9; 
H, 5.8; N, 10.1 %). 
1H n.m.r., 100 MHz (CDCl3): o 2.58 (3H, s, COCH3l, 3.36 
(5H, s, ArCH2, OMe), 3.35 (lH, d 19 Hz, Ha), 4.13 (lH, d 
19 Hz, Hb). 
Mass spectrum: m/z 276 (M":, 2%), 191 (9), 185 (10), 184 (100), 
176 (28), 150 (10), 149 (8), 144 (9), 143 (73), 118 (12), 
115 (39), 105 (8), 92 (10), 91 (65), 65 (7), 58 (19), 56 (14), 
43 (43). 
Attempted acetylation of l-acetyl-3-methoxy-3-(phenylmethyl)-~,5-
piperazinedione (232) 
A mixture of (232) (100 mg) and 
acetic anhydride (5 ml) was heated 
at reflux for 4 hours. The solvent 
was removed, water (10 ml) was added 
and the mixture extracted with ethyl acetate. The organic phase was 
washed with 5% aqueous sodium bicarbonate solution, water, brine, 
dried and the solvent removed. The major product (220) was identi-
fied by t. l .c. and 1H n.m.r. No OMe resonances were observed in 
the 1H n.m.r. of the crude reaction mixture. 
(Z) - 3- (c:hlorophenylmethyl) - 3- methoxy-4-methyl - 6- (phenylmethylene) -
2) 5- piperazinedione (233) 
A suspension of xanthoroccelli n 
(148) (608 mg) in methanol (60 ml) 
was treated with . -chlo rosuccini mide 
(270 mg) and the mixture stirred 
r 
_ I 
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overnight. The solvent was removed, the resultant solid suspended 
in water (50 ml) and extracted with ethyl acetate. The organic 
phase was washed with 5% sodium bicarbonate solution, brine, dried 
and freed of solvent. Recrystallization of the crude reaction 
product from ethyl acetate/light petroleum gave the produc t (233) 
(564 mg, 76%) as colourless crystals, 
m.p. 201-201.5° 
(Found: C, 64.6; H, 5.5; N, 7.5; Cl, 9.5.C20H19N 2O3Cl requires 
C 64.8; H, 5.2; N, 7.6; Cl, 9.6%). 
1H n.m.r., 100 MHz (CDC1 3): c5 2.64 (3H, s, NMe), 3.40 (3H, s, OMe), 
5.50 (lH, s, ArCHCl), 6.74 (lH, br m, NH), 7.20 (lH, s, 
olefinic proton), 7.30 (lOH, br m, aromatic protons). 
Mass spectrum: m/z 370 (M~, 3%), 226 (12), 225 (75), 217 (12), 
202 (10), 131 (12), 117 (10), 116 (22), 43 (100). 
( Z) -3-Methoxy - 4-methy l -6-(pheny lmethylene )-3-(pheny lmethyl )- 2~5-
piperazinedi one (173) 
A solution of the chloroether 
(233) (100 mg) and triethylamine 
(2 drops) in ethyl acetate (30 ml) 
was stirred under an atmosphere of hydro gen, in the presence of 10% 
palladized charcoal (100 mg) and anhydrous potassium carbonate 
(200 mg) until one equivalent of hydrogen was consumed. The mixture 
was filtered through celite and the solvent removed. Recrystalliza-
tion of th e residue from ethyl acetate light petroleum gave t he 
product (173) (71 mg, 78%) as colourless cryst al s . 
m. p. 179-180° 
(Found: C, 71.2; H, 5.9; N, 8. 4. C20 H20 N2O3 requi res C, 71. 4 ; 
H , 6. 0 ; N 8 . 3~~ ) . 
I 
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1H n.m.r., 60 MHz (CDC1 3 ): o 2.86 (3H, s, NMe), 3.32 (2H, s, 
ArCH 3 ), 3.40 (3H, s, OMe), 7. 18 (12H, olefinic, amide and 
aromatic protons). 
Mass spectrum: m/z 336 (M'., 10%), 305 (17), 277 (19), 246 (20), 
243 ( l 00), 217 ( 19) , 202 ( 7), 132 ( 13), 131 ( 16), 112 ( 16) , 
111 (29), 91 (35), 89 (10), 72 (10). 
Thermal decomposition of (Z)-3-methoxy-4-methyl-6-(phenylmethylene)-
3-(phenylmethyl)-2,5-piperazinedione (173) 
l-Methyl-3-benzylidene-3-
methoxy-2,5-piperazinedione (173) 
(5 mg) was heated at 220° for 20 
minutes. The product (148) was identified by t. l .c. (25% ethyl 
acetate/light petroleum) and 1H n.m.r. 
3-(Phenylmethyl)-6-(phenylmethylene)-2,5-piperazinedione (235) 
A suspension of the 3,6-
bisbenzylidene-2,5-piperazinedione 
(72) (2.0 g) and zinc dust (5.0 g) 
in glacial acetic acid (100 ml) 
0 0 
was stirred at reflux for 18 hours. A small amount of water was 
added carefully to the hot reaction mixture to dissolve the 
precipitated zinc salts. The excess zinc was filtered and the 
filtrate concentrated (c. 40 ml). The product was qbtained by 
addition of water (150 ml) and filtration of the precipitate 
(1 .9 g, 95%). A small sample was recrystallized from acetone 
which gave colourless crystals, 
m.p. 282-283 ° (Lit 1 12 283-284 °). 
f 
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1 H n.m.r., 100 MHz (CDC1 3/TFA): c5 3.34 (2H, m, ArCH2), 4.80 (lH, 
m, ArCH 2_Q!), 7.00 (lH, s, olefinic proton), 7.32 (l0H, 
complex m, aromatic protons). 
Mass spectrum: m/z 293 (21 %) , 292 (M":, 100), 202 (10), 201 (77), 
173 (54), 145 (12), 118 (23), 117 (22), 116 (26), 91 (66), 
90 ( 14) , 89 ( 14) . 
(±)(Z)-1-Acetyl- 6-(phenylmethyl) -3-(phenylmethylene) -2,5-piperazine-
dione (234) 
A suspension of the 3-benzyl-
idene-2,5-piperazinedione (235) 
(4 g) in acetic anhydride (50 ml) 
was heated at reflux for 4.5 hours. 
The solvent was removed and the semi-crystalline solid was recrystall-
ized from ethyl acetate/light petroleum to give the product (3. 1 g, 
68%), as colourless crystals, 
m.p. 104-106° 
(Found: C, 72.1; H, 5.5; N, 8.3.C20H1aN 203 requires C, 71.8; 
H, 5.4; N, 8.4%) . 
iH n.m.r., 60 MHz ( CDCl 3) : c5 2.68 ( 3H, s , C0CH3}_, 3.32 
(2H, d, J 8 Hz, ArCH 2), 5.45 ( 1 H, t, J 8 Hz, ArCH2~), 
6.75 ( 1 H, s, olefinic proton), 7.30 (l0H, m, aromatic protons), 
7.88 ( 1 H, br s, amide proton). 
Mass spectrum: m/z 335 (15%), 334 (M~, 66), 292 (14), 203 (13), 
202 (100), 173 (31), 131 (34), 118 (20), 117 (21), 116 (26), 
91 (59), 90 (14), 89 (13), 65 (10), 57 (8), 43 (68). 
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Acetylation of 3,6-bis(phenyl methyl)-2,5-piperazinedione (1 83) 
A suspension of cyclo (Phe-Phe) (183) (1.0 g) in acetic 
anhydride (20 ml) was headed at reflux for 5 hours. The reaction 
mixture was cooled, poured onto ice and the crude product mixture 
filtered. T. 1 .c. analysis (using ethyl acetate/light petroleum, 
1 :4) showed two components. The crude mixture was purified by 
column chromatography (silica gel, using 20% ethyl acetate/light 
pet ro 1 eum) . 
The more mobile component was recrystallized from ethyl 
acetate/light petroleum to yield the trans-l,4-di acety l-3,6-bi s-
(phenylmethy l)-2,5-pi perazinedi one (25) (80 mg, 6%) 
m.p. 190-191° 
(Found: C, 69.9; H, 6.0; N, 7.5. 
C22 H22 N204 requires C, 69.8; Ac/ 
H, 5.9; N, 7.4%). 
iH n.m.r., 100 MHz (CDCl 3): o 2 . 58 ( 3H , s , C0CH.3}, 3.18 
(2H, d, J 4 Hz, ArCH 2), 4.48 (lH, t, J 4 Hz, CH 2ItU' 7.00 
(2H, m, aromatic protons), 7. 32 ( 3H, m, aromatic protons). 
Mass spectrum: m/z 379 (8%), 378 (M~, 30) 336 (11), 245 (21), 203 
(28), 189 (6), 175 (17), 131 (23), 120 (7), 112 (10), 103 
(6), 92 (12), 91 (100), 65 (8), 43 (68). 
The less mobile component was recrystallized from ethy l 
acetate/light petroleum to yield the( ±) cis- 1, 4- dimethyl - 3, 6- bis-
(phenylmethyl) - 2, 5- piperazinedione 
(26) (590 mg, 46%) as colourless 
crystals, 
m.p. 151.5-152.5° 
( F o u n d : C , 6 9 . 9 ; H , 5 . 8 ; N , 7 . 3 ; C 2 2 H 2 2 N 2 0 4 re q u 1 re s C , 6 9 . 8 ; 
H, 5.9; N, 7.4%). 
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1 H n.m.r., 100 MHz (CDCl3): 6 2.50 (3H, s, COCH~l, 2.68 (2H, 
m, J 6, 8, 16 Hz ArCH2), 5.36 (lH, dd, J 6, 8 Hz, ArCH 2.9i) , 
7.28 (5H, complex m, aromatic protons). 
Mass spectrum: m/z 379 (7%), 378 (.M~, 25), 336 (16), 246 (20), 
203 (26), 175 (.16), 131 (.24}, 120 (8)., 112 (8), 103 (7), 
92 (10), 91 (100), 65 (_71, 43 (83). 
(ZJ-Acetyl-6-(phenylmethyl)-3-(phenylmethylene)-2,5-piperazinedione 
(234) 
A mixture of the cis/trans mixture (25) and (26) (3.78 g) 
dimethylformamide (30 ml), sulfur (1 g) and triethylamine (5 ml) 
were stirred at 60° for 3 hours and then at room temperature over-
night. The solvent was removed, a~d water (50 ml) added to the 
crude reaction mixture. The product was extracted into ethyl 
acetate, the organic phase washed with water, brine, dried and the 
solvent removed. Purification by column chromatography (20% ethyl 
acetate/light petroleum) and recrystallization from ethyl acetate 
light petroleum gave the product (234) (2.40 g, 72 %) as colourless 
crystals, 
m.p. 104-106°. 
Methylation of 1-acetyl-6-(phenylmethyl)-3-(phenylmethylene)-2,5-
piperazinedione (234) 
A mixture of the 1-acetyl-3-benzylidene-2,5-piperazinedione 
(234) (1 .67 g), potassium carbonate (2 g), anhydrous magnesium 
sulfate (2 g) and methyl iodide (1 ml) in dimethylformamide (40 ml) 
was stirred at room temperature for 2 hours. The reaction mixture 
was filtered and the solvent removed. Water (40 ml) was added and 
the mixture extracted with ethyl acetate. The organic phase was 
washed with water, brine, dried and the solvent removed. 
I 
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Purification of t he resultant red oil by column chroma tography 
(using 20% ethyl acetate/light petroleuml gave two products. 
The product with the higher RF 
value (Z)-1-acetyl-3~6-dihydro-5-
methoxy-6-phenylmethyl)-3-Cphenyl-
methylene) -2(1H) - pyrazineone (236) 
was obtained as a yellow oil (184 mg, 11 %) 
(Found: mol. wt., 348.1475. C21H20N 203 requires 348.1474). 
1H n.m.r., 60 MHz (CDC1 3): cS 2.66 (3H, s, C0CH3l, 3.10 
(2H, m, ArCH 2), 3.95 (3H, s, 0Me), 5.31 (lH, m, ArCH2CH), 
6.90 (lH, s, olefinic proton), 7.30 (8H, m, aromatic protons), 
7.94 (2H, m, aromatic protons). 
Mass spectrum: m/z 348 (MT, 12), 257 (11), 215 (35), 189 (17), 
105 (10), 104 (11), 103 (11), 91 (29), 89 (14), 79 (13), 
64 (30), 60 (15), 45 (41), 43 (100). 
The product with the lower Rp 
value (Z) - 1- acetyl- 4- methyl- 6-
(phenylmethyl )-3-(phenylmethy lene)-
2~5-piperazinedione (235) was 
obtained as a light yellow oil (1.23 g, 71 %). 
(Found: mol. wt., 348.1475. C21H20N2 03 requires 348.1474). 
iH n. m. r., 60 MHz (CDC1 3): cS 2.6u (3H, S: C0CH3l, 2.87 
(3H, s, NMe) , 3.25 (2H, d, J 10 Hz, ArCH 2), 5.57 (lH, t, J 10 Hz, 
ArCH 2CH), 7.25 (llH , m, olefinic and aromatic protons). 
Mass spectrum: m/z 348 (MT, 6%), 215 (8) , 187 (4), 131 (4), 116 (4), 
91 (10), 88 (6) , 70 (7) , 61 (10), 45 (16) , 43 (100) , 42 (31) . 
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1-Acetyl-3-(bromophenylmethyl)-3-methoxy-4-met hyl-6- (pheny lmethyl) - 2~ 
5- piperazinediones (237) and 238) 
A mixture of the l-acyl-3-benzyl-4-methyl-2,5-piperazinedione 
(235) (l. 74 g) and N-bromosuccinimide (0.90 g) in methanol (50 ml) 
was stirred at room temperature for l hour. The solvent was 
removed, water (40 ml) added and the mixture extracted with ethyl 
acetate. The organic phase was washed with water, brine, dried and 
the solvent removed. Further purifi~ation of the reaction mixture 
by column chromatography (silica gel using 20% ethyl acetate/light 
petroleum gave two products. 
The trans-product (237) with the higher RF value was obtained 
as a mixture of diastereomers which formed colourless needles 
(0.89 g, 39%) from ethyl acetate/light petroleum. 
m.p. 166-168° 
(Found: C, 58.5; H, 5.2; N, 6.4; 
Br, l8.6.C21H21N203Br requires C, 
58. 7; H , 4. 9; N , 6. 5; Br, l 8. 6%). 
0 
0 
ol 0 
0 MeBr 
1H n. m. r., 60 MHz ( CDCl 3) : c5 2. l 5 ( 3H, s, OMe), 2. 56 ( 3H, s, 
COCK3), 2.70 and 3.08 (3K, each s, N.Mel, 3.38 (2H, m, 
ArCH2), 4.70 (lH, m, ArCH2Qi_), 5.22 and 5.19 (lH, each s, 
ArCHBr), 7.35 (lOH, m, aromatic protons). 
Mass spectrum: m/z 458, 460 (M":, (1 %), 290 (18), 289 (100), 248 
(10), 247 (56), 219 (15), 171 (6), 169 (6), 156 (14), 128 (8), 
118 (8), 116 (6), 91 (29), 90 (7), 72 (24), 43 (20), 42 (12). 
The cis-produc t (238) with the lower RF value was obtained 
as a mixture of diastereomers which formed colourless crystals 
(0.85 g, 37%) from ethyl acetate/light petroleum, 
m.p. 127-128° 
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(Found: C, 57.6; H, 5.2; N, 6.1; 
57.5; H, 5.1; N, 6.1; Br, 17.4%). 
1H n.m. r., 60 MHz (CDCl 3): o 2.10 
(2H, m, ArCH 2), 2.46 and 2_54 (3H, each s, COCH3}, 
2.90 and 3. 10 (3H, each s, NMe), 3.25 and 3.29 (3H, each s, 
OMe), 5.05 (lH, m, ArCH 2CH), 5.25 (lH, s, ArCHBr), 7.35 (lOH, 
m, aromatic protons). 
Mass spectrum: + m/z 460,458 (M·, < 1%), 290 (19), 289 (100), 248 
(10), 247 (62), 219 (17), 171 (5), 169 (6), 156 (9), 131 (7), 
128 (8), 118 (11), 116 (8), 91 (33), 90 (9), 72 (23), 43 (24), 
42 (12). 
trans-1-Acetyl-3-methoxy-4-methy l -3~6-bis(phenylmethy l)- 2,5-piper azine-
dione (239) 
A solution of the bromoether 
(237) (200 mg) in ethyl acetate 
(30 ml), triethylamine (2 drops), 
anhydrous potassium carbonate (l g) 
and 10% palladized charcoal (200 mg) were stirred under an atmosphere 
of hydrogen until the uptake of hydrogen ceased. The mixture was 
filtered through celite and the solvent removed. Recrystallization 
fro m ethyl acetate/light petroleum gave the product (239) (141 mg, 
85%) as colourless crystals, 
m.p. 136-137° 
(Found: C, 69.4; H, 6.2; N, 7.4.C 22H24 N204 require s C, 69.5 ; H, 6. 4; 
N, 7. 4%). 
1 H n. m. r., 80 MHz ·(cDC l 3) : o 2.10 (3H , s, OMe) , 2. 45 (3H , s, 
COCH 3), 2.97 (3H , s, NMe) , 3.1 (4H , m, 2xArCH 2) , 4. 25 (lH , t, J 
I 
I 
I 
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3.4 Hz, ArCH 2flj_), 6.96 (4H, m, aromatic protons), 7.20 (6H, 
m, aromatic protons). 
Mass spectrum: m/z 380 (M:, < 1%), 289 (18), 288 (100), 248 (9), 
247 (58), 219 (19), 156 (10), 91 (47), 72 (34), 43 (17), 42 (16). 
Similar treatment of (238) gave 
ci s-1-acetyl- 3-methoxy- 4- methyl -3~ 6-bis~ o Q;· .... .AN/Me 
(phenylmethyl)-2~5-piperazinedione 10.:-g 
Ac/ 
0 ( 2 4 0 ) ( l 4 7 mg , 8 9 % ) , a S CO l OU r l e S S o. Me 
crystals, m.p. 168-169° 
(Found: C, 69.6; H, 6.5; N, 7.6.C22H24N204 requires C, 69.5; H, 6.4; 
N, 7.4%). 
1H n.m.r., 80 MHz (CDC1 3 ): o l .83 (2H, d, J 6.6 Hz, Arf!i_2CH), 2.49 
(3H, s, COCH 3 l, 3.01 l3H, s, NMel_, 3.12 (2H, dd, J 13. 7 Hz, 
ArCH2COMe), 3.15 (3H, s, OMe), 5.02 (lH, t, J 6.6 Hz, ArCH 2 CH), 6.93 
(2H, m, aromatic protons), 7.25 (8H, m, aromatic protons). 
Mass spectrum: m/z 380 (M:, < 1%), 290 (20), 289 (100), 248 (10), 
247 (68), 219 (21), 156 (7), 132 (6), 128 (8), 92 (6), 91 (73), 
72 (36), 65 (6), 43 (28), 42 (17). 
Autoxidation of (±) cis -3,6-bis(phenylmethyl)-2,5-piperazinedione (184) 
A solution of cis cyclo(MePhe-
MePhe) (184) (200 mg) and benzophenone 
(200 mg) in distilled ethyl acetate 
(100 ml) was exposed to sunlight or 
irradiated with a Philips TL 20W/08 lamp (A< 350) for 4 weeks. The 
reaction mixture was treated with dimethyl sulfide and the sol vent 
removed. Column chromatography (silica gel) gave benzoic acid and 
the 2~3~5- (phenylmethyl) - pi ~erazinetrione (242) as the only products. 
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The former was eluted with 20% ethyl acetate/light petroleum (50 mg, 
75%) as colourless crystals, 
m.p. 121-122° (Lit 206 122°). 
Mass spectrum: m/z 122 (MT, 80), 104 (100), 77 (86), 51 (52), 
51 (31), 
while the latter (242) was eluted with 40% ethyl acetate/light 
petroleum and recrystallized from ethyl acetate/light petroleum 
(120 mg, 79%) as colourless needles, 
m.p. 166-167° 
(Found: C, 63.7; H, 5.7; N, ll.6.C13H14N2O3 requires C, 63.4; 
H, 5.7; N, 11.4%). 
1H n.m.r., 80 MHz (CDCl3): c5 2.96 (3H, s, NMe), 3.22 (3H, s, NMe), 
-
3.27 (2H, d, J 4.0 Hz, ArCH2), 4.55 (lH, t, J 4.0 Hz, ArCH 2CH), 
4.90 (2H, m, aromatic protons), 7.26 (3H, m, aromatic protons). 
Mass spectrum: m/z 246 (M!, 16), 92 (10), 91 (100), 65 (10), 42 (27). 
Similar treatment of t r ans-cyclo(MePhe-MePhe) (178) and the 
3-benzylidene-1 ,4-dimethyl-2,5-piperazinedione (185) gave the same 
product (242) (122 mg, 80% and 108 mg, 71 % respectively) while the 
diacetates (25) and (26) were recovered unchanged. 
I 
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